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EXECUTIVE SUMMARY 
 
The Iowa Gap Analysis Project (IA GAP) began in 1997 to identify areas in the state 
where vertebrate species richness lacked adequate protection under existing land 
ownership and management regimes. 
 
To accomplish this goal, the IA GAP team prepared an assortment of datasets that led to 
three main pieces of information: 
Iowa vegetation types 
Iowa vertebrate/habitat relationship models for 288 species 
Iowa land stewardship (ownership and management) 
 
When the project began, there were few statewide datasets available that provided the 
type of data needed for this project. Consequently, much effort was devoted to building 
the previously mentioned key data layers at a sufficiently fine scale and resolution for 
subsequent analysis.  At the completion of the project, these data became freely available, 
with the intent that they will be used by those responsible for managing the state’s 
valuable natural resources, and by the public, so that everyone can be better informed.  
With this in mind, we emphasize that these data are dynamic, and in some places, already 
out-of date.  Nonetheless, the data and analyses that constitute IA GAP represent an 
important first step toward understanding the status of vertebrates and land cover in Iowa 
and planning for the conservation of their biodiversity. 
 
Data Development 
 
Land Cover 
 
The land cover of Iowa was mapped by a two phase, digital classification procedure that 
was applied independently to 12 Landsat 5 Thematic Mapper (TM) images covering the 
state.  All TM images were from mid-April to early October between 1990 and 1994.  In 
the first phase, classification of the satellite TM imagery was done by the Iowa 
Department of Natural Resources, Geological Survey Bureau between 1997 and 1998.  In 
this phase the land cover was separated into 6 cover types: cropland, grassland, trees, 
artificial, barren and water using unsupervised classification.  The resolution of the 
satellite imagery and resulting classified image was a 30 meter pixel and all subsequent 
classifications were done at that same resolution. Phase two of the image analysis further 
differentiated certain land cover classes generated in phase one into one of 29 vegetation 
alliance aggregations. These alliance aggregations are part of an Iowa vegetation alliance 
list developed for Iowa Gap by experts within the state. 
 
Ground-reference data were used in an unsupervised classification to label each mapping 
unit according to its land cover type.  A total of 29 different land cover types were 
mapped across the state.  Digital National Wetland Inventory (NWI) data was used to 
provide the wetland data for Iowa GAP.  An NWI aggregating model lumped the many 
classes of wetlands into five general groups: temporary, seasonal, semi-permanent, 
permanent and water. 
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The single most extensive cover type was cropland, which comprised almost 60% of the 
state.  As a group, grasslands covered about 28% of the state.  Six and a half percent of 
the state was forested, the upland deciduous forest type making up 5.7% of that total. 
 
Several factors influenced our decision to use existing datasets for accuracy assessment 
and forego the implementation of a statewide data collection effort.  Two datasets were 
available for use from the same time period as the land cover map: a partial statewide 
coverage of land cover from the Iowa county offices of the Natural Resource 
Conservation Service (NRCS) and the joint USGS and EPA generated National Land 
Cover Dataset (NLCD).  Overall accuracies were 77% and 75%, respectively.  Both 
datasets were aggregated to the Andersen Level 1, seven classes, and then compared to 
Iowa GAP land cover aggregated to the same seven classes. 
 
Predicted Vertebrate Distributions 
 
Distributions of 288 terrestrial vertebrate species were predicted, including 21 
amphibians, 44 reptiles, 170 birds, and 53 mammals.  The modeling process involved 
five steps.  First, hexagon based range limits for each species were determined based on 
the location of species records or breeding bird survey blocks.  This step included input 
from experts in the field.  Next, associations between each species and its habitat, 
features such as land cover, soil types, and distance to water, were researched and 
summarized in a Wildlife-Habitat Relationship Model (WHRM) database.  After 
preparing the necessary GIS layers to represent these habitat features, a raster-based 
modeling approach was used to determine the predicted distribution; the distribution grid 
was clipped to the extent of the range map.  The range maps and WHRM for each species 
were reviewed by various experts within the state.  After review, any necessary changes 
were made to the range limits and model rules.  No accuracy assessment was done for 
vertebrate species.  It is hoped that this report will form the basis for future accuracy 
assessment studies. 
 
Geographic patterns of species richness generally suggest higher diversity in the 
northeastern and southeastern portions of the state, with the lowest diversity found in 
regions where farming is predominately intense row cropping in north central and 
northwest Iowa.  Greater species diversity occurred in the most heavily forested counties 
in northeastern Iowa and along the major streams and rivers associated with the 
Mississippi River system.  Grasslands in south central Iowa and in the Loess Hills Region 
also showed greater diversity across taxa. 
 
Considering the issue of scale, we feel confident that our models performed reasonably 
well for Iowa land cover types.  With this coarse-scale model approach, errors of 
commission will be more common than errors of omission.  In other words, over 
estimation of a species distribution is more likely.  Failure to predict a species’ presence 
in an area where it actually occurs may cause inadvertent harm if land-use decisions are 
made without that species in mind. If, however, a species is predicted to occur where it 
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has never been recorded, it is more likely that the species will be targeted in future 
surveys and also considered in subsequent land-use decisions. 
 
Land Stewardship & Management 
 
The term “stewardship” is used in place of “ownership” because legal ownership, 
especially in the case of public lands, does not necessarily identify the entity responsible 
for management of the land resource. At the same time, it is necessary to distinguish 
between stewardship and management status because a single land steward may manage 
portions of its lands differently. 
 
The digital land stewardship layer was created by incorporating various administrative 
boundaries into a base layer of land ownership obtained from various sources. State lands 
were obtained from the Iowa Department of Natural Resources as an Arc/Info coverage. 
County lands were done by conducting an extensive mail survey through the Iowa 
Association of County Conservation Boards (IACCB). Individual counties submitted data 
on paper maps or as ArcView shapefiles if they possessed GIS capabilities. Each map 
feature in the stewardship layer was assigned a management status code and other 
required National GAP attributes. Status codes were determined by consulting 
management plans if they existed, talking with agency personnel or looking at legislation 
that pertained to a particular land designation such as the State Preserves System.  
 
Lands were assigned to one of four management classes based on the relative degree to 
which land stewards were responsible for maintaining biodiversity values. Status 1 lands 
reflected the highest, most permanent level of restrictive management; such lands 
included National Monuments, lands designated as a State Preserve, Nature Conservancy 
Preserves, and some National Wildlife Refuges where multiple uses were not permitted. 
Management could be changed more easily on Status 2 lands, such as wildlife 
management areas, and National Wildlife Refuges where multiple uses were permitted, 
but it was still more restrictive than the remaining multiple use public lands or private 
lands, which were assigned to Status 3. Status 4 included lands with no irrevocable 
easement or mandate to preserve biodiversity values or where the status otherwise could 
not be determined. 
 
Private land makes up approximately 98% of land in Iowa. Public lands administered by 
federal, state and county agencies consist of less than 2% of the state. Other than a few 
exceptions, most of Iowa’s public land consists of relatively small, disjunct areas within a 
vast amount of private land. Exceptions are areas along the Mississippi and Missouri 
Rivers, reservoirs along the Des Moines, Cedar and Iowa rivers and a scattering of larger 
complexes managed by many agencies and private individuals. Status 1 and 2 lands 
occupy less than 0.5 %. Status 3 and 4 lands which actually actively contribute to the 
state conservation system occupy less than 2 % of the state, half of this is managed by the 
Iowa Department of Natural Resources. 
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Once the requisite statewide data were assembled, the actual gap analysis involved 
intersecting the GIS layers of land cover and predicted vertebrate distributions with land 
stewardship.  These results form the basis of GAP’s mission to provide land owners and 
managers with the information necessary to conduct informed policy development, 
planning, and management for the long-term maintenance of biodiversity.  A practical 
solution to the problem of defining adequate representation for vegetation or vertebrate 
species is to report both percentages and absolute area of each element in management 
areas and allow the user to determine which types are adequately represented in areas 
under active management. 
 
Land Cover 
 
Most land in Iowa is privately owned and being an agricultural state, it was expected that 
the Gap analysis results would reflect this situation.  Cropland is 99% privately owned as 
is 98% of the grassland types, 90% of the forest types and 86%of the herbaceous 
wetlands.  Open water had the lowest private ownership at 53%.  All 29 land cover types 
have less than 10% of their managed areas in Status 1 and 2.  Actually, all 29 land cover 
types have less than 0.5% of their managed areas in Status 1 and 2.  The area weighted 
average percent for all status 1 and 2 land in Iowa is 0.05%.  Herbaceous wetlands as a 
group fared the best with 0.22% of their total area in status 1 or 2 land.  Forest types 
follow with 0.17% of their total area in status 1 or 2 land. 
 
Predicted Vertebrate Distributions 
 
Greater than 90% (95.75%) of the predicted habitat for all species modeled in Iowa were 
on private lands followed by state lands (2.00%), and then federal lands (1.03%).  The 
total amount of land falling in the status 1 and 2 categories was very small (< 0.5 %, 6678 
ha) and reflected in the amount of predicted habitat within these categories.  For almost 
all species (98.26%, 283), the amount of predicted habitat within status 1 and 2 areas was 
less than 1.0%.  The remaining 5 species (1.74%) modeled were found in the category of 
1-<10% of predicted distribution in status 1 and 2 lands. 
 
Conclusions 
 
Intensive agriculture, urban development, drainage, soil erosion, deforestation, 
channelization of streams and rivers, and an extensive grid of transportation corridors 
have reshaped Iowa’s landscapes since the beginning of European settlement more than a 
century ago.  The tallgrass prairies that helped develop the state’s highly productive soils 
have been reduced by more than 99 percent and about 95 percent of the once abundant 
prairie potholes have been drained.  Over half of the original forest has been lost and the 
remainder has been severely fragmented and disturbed. Most of the natural areas that 
remain have experienced some kind of disturbance by grazing, fire suppression, or 
drainage. 
 
Only a tiny proportion (2 percent) of the land area of Iowa is in public ownership and 
only a few tracts are larger than a few thousand acres.  Scattered remnants of prairies, 
 
Analyses 
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forests and wetlands have been preserved in state and county parks, preserves, wildlife 
management areas, state forests, and a few privately owned areas.  Most public lands are 
managed for multiple uses and few areas are managed for biodiversity conservation. 
 
Much of Iowa’s biodiversity occurs along stream corridors where the land is less suitable 
for agriculture.  Bluffs and bottomlands along the Mississippi River on the eastern border 
of the state, and the Loess Hills and Missouri River on the western border represent some 
of the best of the remaining natural habitats.  These major rivers together with smaller 
rivers and stream corridors are important for species movement, for both terrestrial 
species and migratory birds.  The Des Moines river corridor, the Loess Hills, grassland 
areas in the northwest and south central sections of the state, the Iowa Great Lakes, and 
the northeast paleozoic plateau are also important centers of biodiversity and have 
potential for restoration and management. 
 
Because of Iowa’s fertile soils and favorable climate, it is likely that the land will remain 
in agriculture and private ownership for the foreseeable future.  Gap analysis can assist 
natural resource planners with identifying existing centers of biodiversity so that 
conservation efforts can be directed where they will do the most good.  Large tracts of 
land for biodiversity management are seldom available; therefore, ways must be found to 
protect biodiversity on private lands such as through long-term conservation easements 
and other voluntary initiatives. 
 
Data Uses and Availability 
 
How To Obtain the Products 
 
It is the goal of the Gap Analysis Program and the USGS Biological Resources Division 
(BRD) to make the data and associated information as widely available as possible. Use 
of the data requires specialized software called geographic information systems (GIS) 
and substantial computing power. Additional information on how to use the data or 
obtain GIS services is provided below and on the GAP homepage (URL below). 
Although the most convenient way to obtain and store the data may be on CD-ROM, they 
also can be downloaded via the Internet either from the national GAP home page 
(http://www.gap.uidaho.edu/gap) or the DNR’s Natural Resource Geographic 
Information System (http://www.igsb.uiowa.edu/nrgis/gishome.htm).  The Iowa Gap 
Analysis homepage (http://www.ag.iastate.edu/centers/cfwru/iowagap) will also have 
links to download the available data, how to order a CD-ROM of the data and final report 
and how to request a printed copy of the final report.   
 
Hardware/Software Recommendations 
 
Although the total dataset is large, most of the individual files are relatively small; the 
largest single file is the land cover layer (65 megabytes), and most files are closer to 10 
megabytes in size.  Despite the size of the overall dataset, its availability on CD-ROM 
minimizes the need for large amounts of free disk space.  Powerful computers should not 
be required to process IA GAP data, but they can help: queries and analyses should run 
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faster with more memory and faster processors, and when restricted to study areas 
smaller than the entire state.  The land cover, vertebrate species predicted habitats and 
vertebrate species richness data are in Arc GRID and require a GIS that can read that 
format.  All other associated GIS data are either ArcView shapefiles or ArcInfo vector 
coverages.  ArcView 3.2 and later with the Spatial Analyst extension, ERDAS Imagine, 
ArcInfo and GeoMedia will all be able to display and analyze the grid and vector data 
available from Iowa Gap. 
 
Disclaimer 
 
Although these data have been processed successfully on a computer system at the BRD, 
no warranty expressed or implied is made regarding the accuracy or utility of the data on 
any other system or for general or scientific purposes, nor shall the act of distribution 
constitute any such warranty. This disclaimer applies both to individual use of the data 
and aggregate use with other data. It is strongly recommended that these data are directly 
acquired from a BRD server (see above for approved data providers) and not indirectly 
through other sources which may have changed the data in some way. It is also strongly 
recommended that careful attention be paid to the content of the metadata file associated 
with these data. The Biological Resources Division shall not be held liable for improper 
or incorrect use of the data described and/or contained herein. 
 
These data were compiled with regard to the following standards. Please be aware of the 
limitations of the data. These data are meant to be used at a scale of 1:100,000 or smaller 
(such as 1:250,000 or 1:500,000) for the purpose of assessing the conservation status of 
animals and vegetation types over large geographic regions. The data may or may not 
have been assessed for statistical accuracy. Data evaluation and improvement may be 
ongoing. The BRD makes no claim as to the data's suitability for other purposes. This is 
writable data which may have been altered from the original product if not obtained from 
a designated data distributor identified above. 
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the Army Corps of Engineers field offices in Omaha, NE, Rock Island, IL and St. Paul, 
MN.  Federal land data was also received from the US Fish and Wildlife Service 
McGregor District and Rock Island field office. The NRCS provided a large conservation 
easement data set detailing stewardship on private lands. Other information providing 
information and parcel boundaries for stewardship on private lands was provided by Kyle 
Swanson and Joe McGovern of the Iowa Natural Heritage Foundation, and Mike Polly 
from The Nature Conservancy. 
 
Vertebrate Modeling 
 
There were 15 individuals who reviewed drafts of vertebrate habitat models and probable 
ranges for the 270 modeled species.  They are: 
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Bruce Ehresman, IDNR, Wildlife Diversity Program 
Pat Schlarbaum, IDNR, Wildlife Diversity Program 
Daryl Howell, IDNR, Parks, Recreation and Preserves Division 
Jim Dinsmore, Professor, Dept. Animal Ecology, ISU 
Brent Danielson, Professor, Dept. Animal Ecology, ISU 
Rolf Koford, Professor, Dept. Animal Ecology, ISU 
Neil Bernstein, Professor, Mount Mercy College 
Jim Stroh, Professor, Morningside College 
Richard Lampe, Professor, Buena Vista University 
Howard (Sandy) Whidden, Professor, Augustana College 
Paul Bartelt, Professor, Waldorf College 
Curtis Eckerman, Graduate Student Dept. Zoo/Gen, ISU 
Jeff LeClere, Herp Researcher, St. Paul, MN  
John Bowles, Professor (Retired), Central College 
James Christiansen, Professor, Dept. of Biology, Drake University 
 
We are grateful that these people donated their time and expertise to fine tune the habitat 
models and species ranges, in addition to providing species location records.  Several 
students deserve mention for the tedious yet necessary work of database entry, coordinate 
conversion and digitizing; they are Jess Fung, Steve Hansen, Joe Smith and Michelle 
Weiland. 
 
Iowa Gap Analysis could not have been completed without the generous help of all the 
people and organizations mentioned in this section.  They only made the final products 
better; any errors or omissions are the sole responsibilities of the IAGAP team. 
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 1.  INTRODUCTION 
 
Organization of This Report 
This report is a summation of a scientific project. While we endeavor to make it 
understandable for as general an audience as practicable, it reflects the complexity of the 
project it describes. A glossary of terms is provided to aid the reader, and for those 
seeking a detailed understanding of the subjects, the cited literature should be helpful. 
The organization of this report follows the general chronology of project development, 
beginning with the production of the individual data layers and concluding with analysis 
of the data. It diverges from standard scientific reporting by embedding results and 
discussion sections within individual chapters. This was done to allow the individual data 
products to stand on their own as testable hypotheses and provide data users with a 
concise and complete report for each data and analysis product. 
 
We begin with an overview of the Gap Analysis Program mission, concept, and 
limitations. We then present a synopsis of how the current biodiversity condition of the 
project area came to be, followed by land cover mapping, animal species distribution 
prediction, species richness, and land stewardship mapping and categorization. Data 
development leads to the Analysis section, which reports on the status of the elements of 
biodiversity (natural community alliances and animal species), for the state of Iowa. 
Finally, we describe the management implications of the analysis results and provide 
information on how to acquire and use the data. 
 
The Gap Analysis Program Mission 
The mission of the Gap Analysis Program is to prevent conservation crises by providing 
conservation assessments of biotic elements (plant communities and native animal 
species) and to facilitate the application of this information to land management 
activities. This is accomplished through the following five objectives: 
 
1) Map actual land cover as closely as possible to the vegetation alliance level (FGDC 
1997). 
2) Map the predicted distribution of those terrestrial vertebrates and selected other taxa 
that spend any important part of their life history in the project area and for which 
adequate distributional habitats, associations, and mapped habitat variables are 
available. 
3) Document the representation of natural vegetation communities and animal species in 
areas managed for the long-term maintenance of biodiversity. 
4) Make all GAP project information available to the public and those charged with land 
use research, policy, planning, and management. 
5) Build institutional cooperation in the application of this information to state and 
regional management activities. 
 
To meet these objectives, it is necessary that GAP be operated at the state or regional 
level but maintain consistency with national standards.  
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Objectives for GAP in Iowa were essentially the same as the general objectives stated 
above. The Iowa land cover map was produced from thematic mapper data from 1991 to 
1994 obtained from Landsat 5.  We used a classification of vegetation alliances for the 
Midwest (Drake and Faber-Langendoen 1997) to classify imagery and assign labels to the 
land cover map.  A variety of published and unpublished sources were used to establish 
the current distribution of native vertebrate species.  State and federal agencies have 
recently begun to maintain and update GIS databases of public land holdings under their 
jurisdiction, but this is the first time that all public lands, including those owned and 
managed by local county governments, have been compiled into a single source. 
 
Within the state, participation by a wide variety of cooperators was necessary and 
desirable to ensure understanding and acceptance of the data and forge relationships that 
will lead to cooperative conservation planning. Our cooperators are listed below. 
 
 Geological Survey Bureau, Iowa Department of Natural Resources, Iowa City, IA 
 Iowa Heritage Program (Natural Areas Inventory), Iowa Department of Natural 
Resources, Des Moines, IA 
 Natural Resources Conservation Service, U.S. Dept. of Agriculture, Des Moines, 
IA 
 Rock Island District, U.S. Corps of Engineers, Rock Island, IL 
 Iowa State University, Ames, IA (Depts. of Animal Ecology, Forestry, Botany, 
Statistics, and GIS-Support and Research Facility. 
 Iowa Natural Heritage Foundation, Des Moines, IA 
 Iowa Association of County Conservation Boards, Ankeny, IA 
 The Nature Conservancy, Iowa Field Office, Des Moines, IA 
 U.S. Fish & Wildlife Service, Region 3, Twin Cites, MN. 
 U.S. Environmental Protection Agency, Region 7, Kansas City, MO. 
 Drake University, Department of Biology, Des Moines, Iowa 
 
The Gap Analysis Concept 
The Gap Analysis Program (GAP) brings together the problem-solving capabilities of 
federal, state, and private scientists to tackle the difficult issues of land cover mapping, 
animal habitat characterization, and biodiversity conservation assessment at the state, 
regional, and national levels. The program seeks to facilitate cooperative development 
and use of information. Throughout this report we use the terms "GAP" to describe the 
national program, "GAP Project" to refer to an individual state or regional project, and 
"gap analysis" to refer to the gap analysis process or methodology. 
 
Much of the following discussion was taken verbatim from Edwards et al. 1995, Scott et 
al. 1993, and Davis et al. 1995. The gap analysis process provides an overview of the 
distribution and conservation status of several components of biodiversity. It uses the 
distribution of actual vegetation and predicted distribution of terrestrial vertebrates and, 
when available, invertebrate taxa. Digital map overlays in a GIS are used to identify 
individual species, species-rich areas, and vegetation types that are un-represented or 
underrepresented in existing management areas. It functions as a preliminary step to the 
more detailed studies needed to establish actual boundaries for planning and management 
 
Iowa’s objectives for GAP  
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of biological resources on the ground. These data and results are then made available to 
the public so that institutions as well as individual landowners and managers may become 
more effective stewards through more complete knowledge of the management status of 
these elements of biodiversity.  GAP, by focusing on higher levels of biological 
organization, is likely to be both cheaper and more likely to succeed than conservation 
programs focused on single species or populations (Scott et al.1993). 
 
Biodiversity inventories can be visualized as "filters" designed to capture elements of 
biodiversity at various levels of organization. The filter concept has been applied by The 
Nature Conservancy, which established Natural Heritage Programs in all 50 states. The 
Nature Conservancy employs a fine filter of rare species inventory and protection and a 
coarse filter of community inventory and protection (Jenkins 1985, Noss 1987). 
Conservation biologists postulate that a coarse filter can protect 85-90% of species in a 
given region without having to inventory or plan reserves for those species individually. 
A fine filter is then applied to the remaining 10-15% of species to ensure their protection. 
As a coarse-filter method, gap analysis can be used to quickly assess the other 85-90% of 
species. GAP is not designed to identify and aid protection of elements that are rare or of 
very restricted distribution; rather it is designed to help "keep common species common" 
by identifying risk far in advance of actual population decline. These concepts are further 
developed below. 
 
The intuitively appealing idea of conserving most biodiversity by maintaining examples 
of all natural community types has never been applied, although numerous approaches to 
the spatial identification of biodiversity have been described (Kirkpatrick 1983, Margules 
et al.1988, Pressey et al.1993, Nicholls and Margules 1993). Furthermore, the spatial 
scale at which organisms use the environment differs tremendously among species and 
depends on body size, food habits, mobility, and other factors. Hence, no coarse filter 
will be a complete assessment of biodiversity protection status and needs. However, 
species that fall through the pores of the coarse filter, such as narrow endemics and wide-
ranging mammals, can be captured by the safety net of the fine filter. Community-level 
(coarse-filter) protection is a complement to, not a substitute for, protection of individual 
rare species.  
 
Gap analysis is essentially an expanded coarse-filter approach (Noss 1987) to 
biodiversity protection. The land cover types mapped in GAP serve directly as a coarse 
filter, the goal being to assure adequate representation of all native vegetation community 
types in biodiversity management areas. Landscapes with great vegetation diversity often 
are those with high edaphic variety or topographic relief. Where elevational diversity is 
very great, a nearly complete spectrum of vegetation types known from a biological 
region may occur within a relatively small area. Such areas provide habitat for many 
species, including those that depend on multiple habitat types to meet life history needs 
(Diamond 1986, Noss 1987). By using landscape-sized samples (Forman and Godron 
1986) as an expanded coarse filter, gap analysis searches for and identifies biological 
regions where unprotected or underrepresented vegetation types and animal species 
occur.  
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More detailed analyses were not part of this project, but are areas of research that GAP as 
a national program is pursuing. For example, a second filter could combine species 
distribution information to identify a set of areas in which all, or nearly all, mapped 
species are represented. There is a major difference between identifying the richest areas 
in a region (many of which are likely to be neighbors and share essentially the same list 
of species) and identifying areas in which all species are represented. The latter task is 
most efficiently accomplished by selecting areas whose species lists are most different or 
complementary. Areas with different environments tend to also have the most different 
species lists for a variety of taxa. As a result, a set of areas with complementary sets of 
species for one higher taxon (e.g., mammals) often will also do a good job representing 
most species of other higher taxa (e.g., trees, butterflies). Species with large home ranges, 
such as large carnivores, or species with very local distributions may require individual 
attention. Additional data layers can be used for a more holistic conservation evaluation. 
These include indicators of stress or risk (e.g., human population growth, road density, 
rate of habitat fragmentation, distribution of pollutants) and the locations of habitat 
corridors between wild lands that allow for natural movement of wide-ranging animals 
and the migration of species in response to climate change. 
 
General Limitations 
Limitations must be recognized so that additional studies can be implemented to 
supplement GAP. The following are general project limitations; specific limitations for 
the data are described in the respective sections: 
 
1. GAP data are derived from remote sensing and modeling to make general 
assessments about conservation status. Any decisions based on the data must be 
supported by ground-truthing and more detailed analyses. 
 
2. GAP is not a substitute for threatened and endangered species listing and recovery 
efforts. A primary argument in favor of gap analysis is that it is proactive: it seeks to 
recognize and manage sites of high biodiversity value for the long-term maintenance 
of populations of native species and communities before they become critically rare. 
Thus, it should help to reduce the rate at which species require listing as threatened or 
endangered. Those species that are already greatly imperiled, however, still require 
individual efforts to assure their recovery.  
 
3. GAP data products and assessments represent a snapshot in time generally 
representing the date of the satellite imagery. Updates are planned on a 5-10 year 
cycle, but users of the data must be aware of the static nature of the products. 
 
4. GAP is not a substitute for a thorough national or state biological inventory. As a 
response to rapid habitat loss, gap analysis provides a quick assessment of the 
distribution of vegetation and associated species before they are lost, and provides 
focus and direction for local, regional, and national efforts to maintain biodiversity. 
The process of improving knowledge in systematics, taxonomy, and species 
distributions is lengthy and expensive. That process must be continued and expedited, 
however, in order to provide the detailed information needed for a comprehensive 
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assessment of our nation's biodiversity. Vegetation and species distribution maps 
developed for GAP can be used to make such surveys more cost-effective by 
stratifying sampling areas according to expected variation in biological attributes. 
 
The Study Area 
Iowa ranks 30th in the United States in population with about 2.9 million people, and 23rd 
in land area.  In agricultural production Iowa ranks first in corn, soybeans and pork, 
second in eggs, and fifth in cattle and sheep.  According to the most recent data available, 
Iowa ranks second in the nation in the value of farm products exported.  Although Iowa is 
often referred to as the food capital of the world, manufacturing is the largest source of 
personal income; retail services, wholesale trade, and government follow (Iowa 
Department of Economic Development 2001). 
 
Geology, climate and human history have shaped Iowa’s current landscape and 
biodiversity condition. The lowest land surface elevation in Iowa (480 feet) occurs in the 
southeastern corner where the Des Moines River empties into the Mississippi River.  
Elevations gradually increase to the north and west (see map p. 111 in Prior 1991).  
Iowa’s highest point is a knobby ridge of glacial drift in Osceola County.   
 
Geology 
The Iowa landscape can be described as a collection of seven landforms of characteristic 
shapes and features inherited from the geologic past (Prior 1991).   These are the Des 
Moines Lobe, the Loess Hills, the Southern Iowa Drift Plain, the Iowan Surface, the 
Northwest Iowa Plains, the Paleozoic Plateau and the Alluvial Plains (see Figure 1.1).  
The transitions from the Missouri Alluvial Plain to the Loess Hills landform or from the 
Mississippi River Alluvial Plain to adjacent landforms are distinct and easily 
recognizable.   However, the boundaries between other landforms are broad, subtle and 
often difficult to see unless one knows what to look for.  The outlines of the Des Moines 
Lobe and other landforms can often be seen with satellite images because of differences 
in soils, vegetation, and drainage patterns.   
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Figure 1.1.  Landforms of Iowa adapted from Prior (1991). 
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Iowa’s oldest geological rock strata are igneous and metamorphic varieties that are up to 
2.5 billion years old. Except for two locations in the northwest corner of the state, most of 
these strata are deeply buried under layers of sedimentary rock that range in age from the 
Cambrian era (530 million years ago) to the Cretaceous (66 million years). These 
deposits contain large numbers of fossils of marine organisms deposited during periods 
when the state was part of a vast inland sea.   
 
Millions of years later during the Pleistocene era, continental glaciers covered the state 
with thousands of feet of ice. It is believed that as many as seven incursions of the ice 
sheet occurred during a time period referred to by geologists as the Pre-Illinoian (500,000 
to 2.5 million years ago). Analysis of this glacial period is complex but there is evidence 
that the entire state was covered one or more times (Prior 1991).  These glaciers 
deposited deep layers of glacial drift that eroded more severely in the northern than in the 
southern part of the state.  The eroded Pre-Illinoian drift was then overlain in some 
regions with drift from later glacial advances or covered with a mantle of loess of varying 
depths. 
 
The later Illinoisan glacier (130,000 to 300,000 years ago) covered only a small area in 
the southeastern part of the state.  The Des Moines Lobe was a southern extension of the 
Wisconsin ice sheet that occupied north central Iowa relatively recent (10,500 to 30,000 
years ago).   The Wisconsin glacier advanced and retreated several times leaving deep 
deposits of glacial till containing large numbers of granite boulders transported from 
northern latitudes.  In the thousands of years that have elapsed since the ice sheets 
disappeared, moderating climate, accumulation of prairie and woodland plant litter, root 
systems, and organisms have all contributed to the transformation of raw glacial deposits 
that are the basis of some of the richest agricultural soils in the world. (Prior et al.1982).  
 
The following brief descriptions of Iowa’s landforms are adapted from Prior (1991). 
 
The Loess Hills is a unique landform that formed at the end of the last Ice Age about 
18,000 years ago.  The formation is only one to fifteen miles wide but is about 200 miles 
long extending from near Sioux City, Iowa to St. Joseph, Missouri.  Although deposits of 
windblown soils (loess) are found in many parts of the world, nowhere else but in China 
do they reach as high as in Iowa where some of the hills are more than 200 feet above the 
adjacent Missouri valley.  The Loess Hills landform has other features that are easily 
noticed. Bedrock is exposed naturally in only a few places and the soil has unique 
physical properties.  If the topsoil on the slope of a hill is removed, the exposed loess will 
erode quickly and deep gullies will form.  Even when covered with topsoil, loess can 
slump, often in a unified way across a slope creating “cat-step” ledges along the sides of 
hills.  However, when a loess hill is cut vertically the exposed wall will stand for decades.  
 
The Des Moines Lobe has a landscape that is gently rolling with abundant moraines, 
shallow wetland basins or potholes, and a few relatively deep natural lakes.  This 
landform still retains the imprints of recent glacial occupation. Loess is entirely absent. 
The most prominent landform patterns left by the Wisconsin glacier on the Des Moines 
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Lobe are the end moraines.  The Des Moines Lobe is part of the Prairie Pothole Region 
that extends north and west into western Minnesota, eastern North and South Dakota, and 
the Canadian Prairie Provinces.   Most of the potholes have been drained with ditching 
and underground tile lines to make way for agriculture.  Agriculture was also responsible 
for greatly increasing the rate at which streams and drainage patterns developed in this 
geologically young landform.  Other interesting features of the Des Moines Lobe are 
kames, fens, eskers and kettles.  Kames are conical shaped hills that were formed when 
large crevices and chambers within the melting glacier became filled with water-
transported deposits of sand and gravel. Fens are unusual wetlands that occur where 
ground water seeps to the land surface along hillside slopes.  Fens support a unique 
wetland biota including some of the state’s rare plants.  Fens on the Des Moines Lobe are 
clustered in the northwestern portion of the region.  Eskers are narrow winding ridges 
composed of sand and gravel that mark the location of stream channels that flowed 
beneath the ice.  Kettles are bowl-shaped basins that mark the position of large relatively 
clean blocks of ice that melted slowly.  
 
The Southern Iowa Drift Plain is the largest of Iowa’s landforms. Like the Des Moines 
Lobe, it is composed almost entirely of glacial drift, but the Pre-Illinoisan glaciers that 
deposited material in this part of Iowa were much older. As a result, deep glacial drift, 
ranging from a few to several hundred meters, is the only evidence of their occupation.  
Instead of poorly drained and relatively level landscapes, streams have had time to erode 
the land surface and form well-defined drainage systems. Hilltops have similar elevations 
that reveal the approximate level of the land surface constructed by the last ice sheet. As 
erosion slowly dissected this landscape, a layer of loess ranging from 2 to 10 meters was 
deposited over the glacial till.  Throughout the Southern Iowa Drift Plain the terrain 
varies considerably, but the pattern of relief resulting from its history of erosion is the 
dominant feature of the region. Many of the larger rivers had glaciers standing in their 
headwaters at the time the Des Moines Lobe was ice-covered.  These valleys obtained 
much of their present width, depth, and alluvial fill from flooding as the Wisconsin ice 
sheet melted away from north-central Iowa.   In many places the rivers have cut through 
the glacial drift into the underlying sedimentary bedrock.  The rough wooded terrain 
adjoining these valleys supports many scenic and recreational areas and important 
wildlife habitat. 
 
The Iowan Surface landform extends over a large region of northeastern Iowa and is 
characterized by long, gently rolling slopes, low relief, and open views of the horizon.  
Drainage networks are well developed, but stream gradients are low with some scattered 
areas of poor drainage and natural wetlands.  The area was once part of the Pre-Illinoian 
Southern Iowa Drift Plain but experienced large-scale and more destructive erosion 
events, the latest occurring during the coldest part of the Wisconsin glaciation 16,500 to 
21,000 years ago. Frost action, down slope movement of water-soaked soil materials, and 
strong winds were the dominant geologic processes in this region. Layers of loess are thin 
and scattered.  Glacial boulders are numerous and many are very large.  Elongated ridges 
and isolated oblong hills called pahas occur in the southern part of the Iowa Surface 
region.  These features are covered with a mantle of silt and sand believed to have 
accumulated in response to strong northwesterly winds that occurred during the period of 
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glacial cold. Soils mapped on the larger pahas indicate they developed under forest 
vegetation rather than prairie.  Karst topography occurs in the northern part of the 
landform where cavities in the underlying limestone bedrock collapsed and formed 
sinkholes. Fens are also present but more scattered than in the Des Moines Lobe.  
 
The Northwest Iowa Plain contains many of the terrain features and geologic materials 
present in other landforms and is similar in appearance to the Iowa Surface with a 
uniform low relief.  Despite these similarities, the landscape differs from other regions 
because of a combination of factors.  The western uplands of this region are underlain 
with highly eroded, Pre-Illinoian glacial tills.  The eastern part these tills are covered with 
later glacial deposits from an early Wisconsin glacial advance known as the Sheldon 
Creek Formation that occurred 6,000 to 16,000 years earlier than the Des Moines Lobe 
advance.  The entire region was then subjected to vigorous erosion activity that 
accompanied the later advance of the Wisconsin ice sheet.  As a result, features of a 
freshly glaciated landscape were lost as a well-established branching network of streams 
formed over the entire region.  The deeper thickness of the loess mantle, the overall 
elevation of the land surface, and the present precipitation and vegetation distinguish the 
Northwest Iowa Plains from the state’s other landforms.  Windblown loess is abundant 
and nearly continuous across the region ranging in thickness from 4 to 16 feet.  Altitudes 
throughout the Northwest Iowa Plains are uniformly higher than any other portion of the 
state and topographically are continuous with the High Plains of the Dakotas.  Average 
annual precipitation is lower than other parts of the state. Thus, the region is higher, drier 
and less timbered than any other in the state.  Although bedrock exposures are rare in the 
Northwest Iowa Plains, the oldest bedrock in Iowa (Precambrian-age Sioux Quartzite) 
occurs here along the Big Sioux River.  
 
The Paleozoic Plateau is the most distinctive of Iowa’s landforms because of its abundant 
rock outcroppings, karst topography, a near absence of glacial deposits, many deep 
narrow valleys, cool-water streams, and heavily wooded uplands.  The extent of the 
deeply dissected landscape is defined by erosion of the underlying sedimentary rock of 
Paleozoic age.  The Paleozoic strata originated as sediments accumulating on the floors 
of tropical seas that occupied this area 300 to 550 million years ago.  But, it wasn’t until 
the time of the Wisconsin glacier, starting more than 30,000 years ago, that the deep 
entrenchment of the landscape occurred. This erosive process continues to the present 
day although at a slower pace.  Vertical cracks extending through these rocks at various 
angles are responsible for blocky shapes and sheer faces along river bluffs and road cuts.   
The boundary between the gently rolling Iowan Surface landform and the deeply carved, 
high-relief Paleozoic landform can be seen along a line of bluffs that extends in a 
northwest-to-southeast direction. The eastern boundary of this landform is the high bluffs 
of the Mississippi River valley.  Numerous gorges and ravines cause abrupt local changes 
in the direction of slopes and exposures.  These sites provide abundant cool, moist and 
wooded habitats rich in diverse communities of plants and animals.  Seeps and springs 
are common features along valley sides where strata of varying permeability are exposed 
and signify subterranean drainage systems.  Ice caves and cold-air (algific) slopes are 
unique to this area.  Unusual microclimates associated with these features support a 
particularly rare and sensitive biological habitat in Iowa.  The steep rocky slopes are 
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unsuited for agriculture and remain heavily forested.  Remnant prairies occur on south 
and west facing slopes.  Ecologists believe these prairies were more extensive before the 
suppression of naturally occurring fires following European settlement.  
 
Alluvial Plains, often called floodplains, are constructed by water flowing off of the 
landscape and carrying with it boulders, cobbles, gravel, sand, silt, and clay.  This process 
of erosion creates a dendritic-shaped landform of nearly level corridors with varying 
widths depending on the size and reach of the river.  These corridors are largest along the 
Missouri and Mississippi Rivers but can be found along streams throughout the other 
landforms. The floodplain is a dynamic landform that is frequently disturbed, sometimes 
drastically, by flood and drought events.  Stream channels may be cut off leaving 
backwater sloughs or oxbow lakes.  Large-scale vertical changes may also occur within 
the floodplain due to the deposition of alluvium that forms terraces and benches.  These 
structures are level but are elevated above existing floodplains by a distinct slope.  
Smaller tributaries that enter the floodplain of a larger river often form alluvial fans that 
may cover older floodplain materials.  During low flow periods, wind becomes an 
important factor in the transport of materials.  Exposed sand or soil having little or no 
vegetation to hold it place can be blown onto floodplain and terraces as well as onto 
higher elevations along valley margins. Sand dune topography occurs downwind of 
valley floors.  The size, shape, and complexity of alluvial plains depend on the individual 
river’s geological history, the age of its valley, the long-term variations in available water 
and sediment, the geologic material into which the valley is carved, and fluctuations in 
the level of the water body into which the river flows.  These factors control valley 
characteristics and affect landforms along alluvial plains throughout the state.   
 
Climate 
 
Iowa’s climate is characterized by strong seasonal variation that is the result of its north 
temperate latitude and location in the interior of the continent.  About 70 percent of the 
annual precipitation occurs during the warm half of the year (April-September) when the 
prevailing southern flow of air comes from the Gulf of Mexico.  In the cold half of the 
year (October-March), prevailing winds from the northwest bring masses of cold dry 
Arctic air to the region.  More than half of the annual rainfall comes from thunderstorms 
that occur during a four-month period (May-August).  Hail, wind, floods, lightning and 
tornadoes often accompany these thunderstorms.  The highest mean annual precipitation 
occurs in southeast Iowa with 34 inches per year, and the rate of precipitation 
progressively decreases toward the northeast corner where the mean annual precipitation 
drops below 25 inches per year (Prior 1991).   Snow and other frozen forms account for 
only about 10 percent of the total precipitation. Besides the typical seasonal variation that 
takes place within each year, there are large variations in annual precipitation.  Wet and 
dry years follow a cyclic pattern with major droughts and years with peak flooding 
occurring 10 to 12 years apart. 
 
Statewide, annual air temperatures average about 48 degrees Fahrenheit; averages vary 
from 45-46 degrees in the north to 51-52 degrees in the south.  For a more detailed 
account of Iowa’s weather and climate see Waite and Shaw (1982). 
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Human History 
 
Stone tools, spear points, pottery and burials indicate that humans have inhabited Iowa 
for about 9,500 years.  The following brief account is adapted from Shermer et al. (1995). 
These authors describe five periods of early human culture: Paleo-Indian (9,500-7,500 
B.C.), Archaic (7,500-500 B.C.), Woodland (500 B.C.- A.D.1000), Late Prehistoric (A. 
D.1000-1650), and Historic (A.D. 1650-1700).  
 
During the time that Paleo-Indians occupied Iowa the climate was cooler and wetter and 
much of Iowa was covered by boreal and conifer-hardwood forests.  Prairie is believed to 
have been very limited.  Paleo-Indians used Clovis and other fluted projectile points to 
hunt now-extinct large mammals such as mammoth, mastodon, and giant bison. 
 
The Archaic period is viewed as a transitional period between cultures.  Climate became 
warmer and more arid during this period and the boreal forests were replaced with 
deciduous woodlands mixed with prairies in western regions of the state. Human 
populations probably depended on bison for food in western Iowa and on deer and elk in 
eastern Iowa.  Human numbers increased substantially towards the end of this period and 
the use of communal cemeteries indicated that populations were becoming more 
sedentary.   
 
Woodland peoples continued to hunt deer and bison but also made heavy use of fish and 
clams in the major river valleys.  These peoples became more dependent on cultivated 
plants and developed domesticated varieties of local native grain crops such as 
marshelder and goosefoot.  Climatic conditions were similar to modern conditions and 
vegetation patterns were a mixture of forest, woodlands and prairie similar to those found 
in the early land surveys in the mid-19th century.  Population levels continued to increase 
and in some parts of Iowa there is evidence of large, planned villages.  Advanced spear 
point technology, pottery, artwork, complex mortuary programs, and extensive continent-
wide trade networks developed during the Woodland period. Late Woodland peoples 
introduced the bow and arrow into the Midwest and corn was introduced after A.D. 800. 
The Effigy Mound Culture (A.D. 650-1000) is characterized by groups of linear, effigy, 
and conical mounds in northeastern Iowa. 
 
The Late Prehistoric period marked the beginning of a distinctive adaptation to the tall 
grass and mid grass prairies of the northern Great Plains.  Native peoples developed 
improved corn varieties, new storage methods for garden crops, earthlodge houses and a 
complex social organization.  They also used the meat and hide of the bison for food, 
clothing, robes, and coverings for tipis and lodges.  Bones were modified into a variety of 
tools.  The Oneota culture dominated much of eastern Iowa as well as parts of central and 
northwestern Iowa during the Late Prehistoric period.  The Oneota lived in widely 
scattered but densely populated settlements surrounded by huge uninhabited territories 
that were probably used for hunting, fishing, plant collecting and agriculture.   The 
Oneota complexes are ancestral to several historic tribes such as the Iowa, Oto, Missouri 
and Winnebago. 
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The first Native Americans encountered by the French fur traders in Iowa were the 
Oneota.  Early French trade goods such as glass beads, finger rings, and gunflints have 
been found at Oneota sites in northeastern and northwestern Iowa.  After 1650, increasing 
European influences, including disease, disrupted the structure of and relationships 
among Indian groups such as the Iowa, Oto, Omaha, Missouri and Dakotas.  These tribes 
gave way to Great Lakes groups including the Sauk, Mesquakie (Fox), Winnebago, and 
Potawatomi.   
 
Early inhabitants were most likely mobile depending largely on bison in the western part 
of Iowa and on deer and elk in the eastern part of the state.  In addition to the hunter-
gather lifestyle, the Woodland tradition (500 B.C. – 1000 A.D.) saw an increased 
dependence on cultivated plants. Cultivation continued to increase and improve through 
the late pre-historic period (1000 A.D – 1650 A.D.) along with increased levels of social 
and political complexity. Mound building peoples occupied areas along the Mississippi 
River.  
 
By the time of early exploration by Europeans, Native American tribes included the 
Sioux, Omaha, Pottawattamie, and Oto in the west and the Sauk and Mesquakie (Fox) in 
the east. In the late 1600s pressure from Euro-American competition for tribal alliances, 
trade competition, land dispossession and disease changed the cultural landscape.  
 
Iowa was part of the Louisiana Purchase in 1803, and following the Lewis and Clark 
Expedition, the federal government built a series of forts along the Mississippi River.  In 
the first half of the 19th century, the federal government negotiated land treaties with 
Native American tribes prior to relocating them further west.  Much of eastern Iowa was 
opened for non-Indian settlement by 1833.  In the 1850s the Mesquakie tribe purchased 
land in Tama County and this settlement continues to the present day. 
 
Early European settlements and communities were common along major river ways and 
later along the railroad as railways spread throughout the state in the latter half of the 
1800s.   Iowa was admitted to the Union in 1846 and most of Iowa's cities and towns 
were established and farms covered the state by the mid-1800s (Shermer et al. 1995).   
 
Iowa’s early settlers came primarily from other parts of the United States, especially from 
eastern and southern states.  In the mid- to late 1800’s, Iowa attracted increasing numbers 
of people from northern and western Europe (Horton and Schwieder 1982). 
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Chapter 2 
LAND COVER CLASSIFICATION AND MAPPING 
 
 
Introduction 
 
In his foreword to “Prairies, Forests and Wetlands: The Restoration of Natural Landscape 
Communities in Iowa” (Thompson 1992), John Pearson writes “Iowa …, once covered 
by a continuous mosaic of prairies, savannas, forests, and wetlands … (is) now famous 
worldwide for its bountiful harvest of crops and livestock.”  This conversion, occurring 
over the last 150 years, has dramatically altered the look and function of the Iowa 
landscape for both its non-human and human inhabitants.  The dominant historic pattern 
of a prairie matrix interspersed with wetland complexes and forest communities adjacent 
to rivers has become an agricultural field matrix interspersed with farmsteads and towns.  
Forest communities are still found adjacent to rivers but the once ubiquitous native 
prairie has been relegated to sites too steep or inaccessible for farming.  It is estimated 
that 99 percent of Iowa’s original prairie and 90 percent of its wetlands have been 
converted to agricultural or urban uses (Iowa DNR 2000). 
 
One result of this landscape change has been the loss of habitat for many of Iowa’s native 
plants and animals.  What habitat remains has shrunk in area and has been isolated as 
islands of native vegetation.  These islands have become refuges for the plants and 
animals that depend on them but are also population sinks for those same plants and 
animals that cannot disperse or migrate out to nearby suitable areas.  Starting in the latter 
half of the last century, conservation efforts in Iowa have attempted to find these natural 
areas and preserve them along with their associated biological diversity.  Although 
conservationists have recently recognized the need to preserve large blocks of habitat and 
to connect isolated patches of habitat so that plants and animals can move among them, 
the application of such conservation practices in Iowa is just beginning. 
 
Vegetation patterns are an integration of the physical and chemical factors and 
disturbances that shape the environment of a given land area (Whittaker 1965).  Because 
these patterns cannot be adequately mapped from any single source of remotely sensed 
imagery, land cover mappers use ancillary data such as existing maps, aerial photos and 
field surveys.  The central concept is that the physiognomic and floristic characteristics of 
vegetation (and, in the absence of vegetation, other physical structures) across the land 
surface can be used to define biologically meaningful patterns. 
 
To assist future planning to conserve biodiversity in Iowa, the GAP Program provides 
information on vertebrate species biodiversity and their conservation status.  This 
information is dependent on knowledge of the land cover across Iowa as a component in 
estimating species locations.  In this "coarse filter" approach to conservation biology 
(e.g., Jenkins 1985, Noss 1987), gap analysis relies on maps of dominant natural land 
cover types as the most fundamental spatial component of the analysis (Scott et al. 1993) 
for terrestrial environments.  For the purposes of GAP, most of the land surface of 
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interest can be characterized by its dominant vegetation.  The first step in the Iowa land 
cover mapping process was to decide on a classification system. 
 
Land Cover Classification 
 
Land cover classifications must rely on specified attributes, such as the structural features 
of plants, their floristic composition, or environmental conditions, to consistently 
differentiate categories (Kuchler and Zonneveld 1988).  In addition, the land cover 
classification used for a statewide mapping project must reflect dominant vegetation 
types, barren and disturbed areas, as well as components of built environments.  The 
scope of a statewide project entails using small scale imagery to efficiently cover the state 
and produce a useful product in a timely manner.  Also, the main criterion for a GAP 
classification system is its ability to provide suitable classes for modeling vertebrate 
species habitats. 
 
For GAP, the system that best fits these criteria is the National Vegetation Classification 
System (NVCS) (FGDC 1997).  The origin of this system was referred to as the 
UNESCO/TNC system (Lins and Kleckner 1996) because it is based on the structural 
characteristics of vegetation derived by Mueller-Dombois and Ellenberg (1974), adopted 
by the United Nations Educational, Scientific, and Cultural Organization (UNESCO 
1973) and later modified for application to the United States by Driscoll et al. (1983, 
1984).  The Nature Conservancy and the Natural Heritage Network (Grossman et al. 
1994) have been improving upon this system in recent years with partial funding supplied 
by GAP.  The basic assumptions and definitions for this system have been described by 
Jennings (1993).  The process that the Iowa Gap Analysis Program adopted to develop a 
classification system that addressed all these concerns follows. 
 
The Iowa Gap Analysis Program accepted “An Alliance Level Classification of the 
Vegetation of the Midwestern United States” (Drake and Faber-Langendoen 1997) as our 
basic classification framework.  It was published in 1997 by The Nature Conservancy in 
a cooperative effort with National GAP to provide a vegetation classification system that 
complies with the Federal Geographic Data Committee’s National Vegetation 
Classification System.  Naturally occurring vegetation is described hierarchically with 
physiognomic criteria at the higher levels and floristic criteria at the lower levels.  
 
A team of six Iowa botanists reviewed the Alliance Level Classification and modified it 
to more accurately reflect the existing vegetation alliances that they have encountered in 
the field.  The result was a “Preliminary Index of Natural Vegetation Alliances for Iowa,” 
printed in 1998 (see Appendix A.1).  Twenty alliances listed in the Alliance Level 
Classification that did not include Iowa in the range were added and eight alliances were 
created.  Conversely, alliances listed in the classification as occurring in Iowa but which 
team members believed not to occur here, were removed from the Vegetation Alliances 
Index. 
 
This index, in turn, provided a framework for a “Working List of Land Cover Map Labels 
for Iowa Gap Analysis,” finalized in 1999 (see Appendix A.2).  This is the list of 
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descriptions for land cover that correspond to the map labels.  The Vegetation Alliances 
Index was condensed and modified to reflect the limitations of Landsat TM imagery to 
discriminate certain spectrally similar alliances.  Non-vegetation classes (barren, 
cropland, artificial and water) were added to accommodate actual land cover 
distinguishable on the satellite imagery.  Unlike the Alliance Level Classification, which 
was created by botanists before the land cover mapping process began, the Map Labels 
List evolved over a year of classifying land cover. 
 
Methods 
 
Mapping Standards 
 
Due to the nature of satellite imagery and the inherent heterogeneity of the Iowa 
landscape, the ideal of the alliance level classification was modified to reflect the reality 
of our situation.  When alliances could not be reliably separated by the available dates of 
satellite imagery, they were aggregated to a map label.  For example, the six upland oak 
alliances could not be spectrally separated from each other or from the maple-basswood 
alliance, so they all were grouped into the upland deciduous forest map label. 
 
The completed classification resulted in 29 map labels; these range from individual 
alliances to aggregations of alliances but for continuity they are all referred to as map 
labels (see Table 2.1).  Each map label may not be found in every scene and this is not 
necessarily due to the actual land cover not being in that part of the state.  Although that 
is a factor, the dates of the satellite imagery and the quality of the ground sample points 
usually have more of an effect on the discrimination of a map label. 
 
All processing and analyses were conducted on either a DEC Alpha workstation 500/400 
running UNIX 4.0D or a Dell Dimension 266 MHz PC running Windows 95.  Image 
classification used ERDAS Imagine 8.3 and 8.4; ancillary coverage development used 
Arc/Info 7.0.2 and ArcView 3.2. 
 
Imagery 
 
Data from 30 Landsat 5 Thematic Mapper (TM) images were used to map the land cover 
of Iowa (see Figure 2.1, Table 2.2).  Complete spatial coverage is achieved with 12 
scenes but two or three dates per scene were used to enhance the classification process.  
The majority of the imagery was supplied by National GAP through a purchase from the 
Multi-Resolution Land Characteristics Consortium (MRLC) which maintains an archive 
of satellite imagery.  For scenes that needed an additional date or a date with less cloud 
cover, imagery was purchased directly from the EROS Data Center in Sioux Falls, SD.   
The MRLC imagery provided geographically registered, terrain-corrected, pre-processed 
satellite images that contained 240 clusters along with the seven original TM bands of 
data for two dates per scene.  These images were supplied with a projection of UTM 
Zone 15, NAD27 with a pixel size of 30 meters.  The additional EROS imagery was not 
delivered projected; Iowa Gap staff gathered ground control points (GCP) from digital 
orthophotography quads and projected the images to UTM Zone 15, NAD27 with a pixel 
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size of 30 meters using nearest neighbor resampling.  All images registered at Iowa State 
University (ISU) have a final Root Mean Square (RMS) error of less than 15 meters or 
half a pixel.  The MRLC images were delivered with an RMS that complies with the 
GAP standards. 
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Figure 2.1.  Distribution and boundaries of 12 Landsat TM scenes with path and row numbers. 
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Table 2.1.  The Map Labels and codes used for Iowa GAP.   
 
 
 
Map Label Name Map Code
Eastern Red Cedar Forest 12
Pine Forest 17
Evergreen Forest 18
Upland Deciduous Forest 19
Temporarily Flooded Forested Wetland 20
Seasonally Flooded Forested Wetland 24
Mixed Evergreen/Deciduous Forest 30
Eastern Red Cedar Woodland 41
Upland Deciduous Woodland 42
Mixed Evergreen/Deciduous Woodland 44
Upland Shrub 51
Temporarily Flooded Shrub 52
Seasonally Flooded Shrub 53
Semi-permanently Flooded Shrub 54
Saturated Shrub 55
Warm Season Grass/Perennial Forb 61
Cool Season Grass 66
Grassland w/ Sparse Trees 67
Temporarily Flooded Wetland 71
Seasonally Flooded Wetland 72
Semi-permanently Flooded Wetland 73
Saturated Wetland 74
Permanently Flooded Wetland 75
Sparsely Vegetated/Barren 80
Barren/Mixed Vegetation 82
Cropland 90
Artificial/High Vegetation 101
Artificial/Low Vegetation 102
Open Water 110
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Table 2.2.  Landsat path/row, acquisition date and data source for the 30 TM images used for Iowa 
GAP.   
 
 
Path/Row Date Source 
P24/R31 5/15/1993 MRLC 
P24/R31 10/3/1992 MRLC 
P25/R30 5/19/1992 MRLC 
P25/R30 9/24/1992 MRLC 
P25/R30 4/23/1994 EROS 
P25/R31 5/3/1992 MRLC 
P25/R31 9/24/1992 EROS 
P25/R32 5/3/1992 MRLC 
P25/R32 9/24/1992 MRLC 
P26/R30 4/6/1991 EROS 
P26/R30 5/13/1993 MRLC 
P26/R30 10/1/1992 EROS 
P26/R31 4/6/1991 EROS 
P26/R31 8/30/1992 EROS 
P26/R31 10/1/1992 MRLC 
P26/R32 4/6/1991 EROS 
P26/R32 10/1/1992 MRLC 
P27/R30 5/1/1992 MRLC 
P27/R30 9/22/1992 MRLC 
P27/R31 5/1/1992 EROS 
P27/R31 9/22/1992 EROS 
P27/R32 4/20/1990 EROS 
P27/R32 5/1/1992 MRLC 
P27/R32 9/22/1992 EROS 
P28/R30 4/17/1990 EROS 
P28/R30 8/26/1991 MRLC 
P28/R30 9/29/1992 EROS 
P28/R31 4/4/1991 MRLC 
P28/R31 8/26/1991 MRLC 
P28/R31 9/27/1991 EROS 
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Classification Process 
 
The effort to comprehensively map the land cover of Iowa from satellite imagery for the Gap Analysis 
Program (GAP) began in 1996.  The Geological Survey Bureau of the Iowa Department of Natural 
Resources (DNR) processed the MRLC imagery into six land cover classes (trees, grass, cropland, 
artificial, barren and water) plus a cloud class.  This product is referred to as Phase 1 land cover; the 
processing occurred in Iowa City and was completed in late 1998.  The satellite imagery was classified 
scene by scene using an unsupervised classification of the 240 clusters in EASI/PACE imaging 
software.  Various existing datasets were used to supply ground-truth information for the classification. 
 
Ground-truth Data 
 
The key to generating the most accurate land cover from satellite imagery is having enough ground 
referenced data for each map label.  When Iowa GAP began in 1997, a vegetation survey was sent to 
all 99 County Conservation Board offices in the state and to DNR parks and wildlife management 
areas.  The survey was a form (Appendix A.4.) and asked for textual descriptions of uniform areas of 
vegetation based on the Vegetation Alliances Index.  The uniform areas were to be outlined on Farm 
Service Agency (FSA) aerial section photos.  When received at ISU, the photos were scanned and 
registered to digital topographic quads or DOQQs.  The outlined vegetation polygons were digitized 
onscreen in ArcView and a shapefile was created with attributes from the survey form. 
 
Ultimately, 98 counties returned some data but many counties were lacking the quantity or range of 
map labels needed to adequately classify the scene of which they were a part.  In 1998 and 1999, funds 
were provided by the Iowa DNR to conduct vegetation surveys of county and state parks in areas of the 
state lacking in sufficient ground-truth data.  A botanist visited selected parks with FSA section photos 
and outlined homogeneous stands corresponding to map labels directly on the photos.  These photos 
were processed the same way as the photos received from the original survey.  The additional data 
were added to the survey shapefile. 
 
Map labels were manually assigned using the survey shapefile, other ground referenced data sources, 
false CIR display of imagery, DOQQs and CIR photos covering portions of scene 2530.  A total of 
4,466 location records were used to classify the 12 scenes (see Figure 2.2). 
 
Pre-processing 
 
The second phase of classification, referred to as Phase 2, began in late 1997 and was completed at the 
end of 2000.  It was conducted at Iowa State University.  For each TM scene, three Phase 1 classes 
(trees, grass, artificial) were individually processed to delineate map labels.  At this point in the 
project, it was decided that cropland, water and barren would not supply any additional useful habitat 
classes so they would not be processed further.  It turned out that barren was processed after the 
statewide land cover was completed but that was to correct initial classification problems, not to 
generate additional habitat classes.  This procedure is detailed in the post-processing section. 
 
Before the three classes were processed, two steps were taken.  The first step was to isolate cloud 
pixels, if they existed, from the Phase 1 classification.  These were used to mask the Spring date of 
imagery and an unsupervised classification with 50 classes was run.  All available ground referenced 
data were used to assign map labels. 
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Figure 2.2.  Distribution of ground-truth reference data (4,466 areas) used to classify land cover from 12 Landsat TM images
22 
Iowa has many small wetlands which are important habitat to a variety of vertebrate species being 
modeled by GAP.  The 30 meter resolution of the TM imagery was too coarse to find many of the 
small wetlands so National Wetlands Inventory (NWI) data were used as an overlay.  The next step 
directly transferred NWI data to the underlying pixels. 
 
Todd Bishop, Iowa DNR, used 1988 NWI data to create an aggregated wetlands coverage for every 
Iowa county for an earlier project concerning Iowa wetlands.  Frequently, wetlands on NWI maps are 
represented as complexes of several types and each type may be too small to retain its existence when 
converted to raster format.  The aggregation model used certain relationship rules to dissolve polygon 
boundaries and assign the deepest water regime label to the resulting polygon (see Figure 2.3).  Linear 
water features were buffered to create polygons and added to the coverage.  However, some wetland 
types that GAP needed to delineate were lost in the aggregation process.  This necessitated a two-step 
process to apply NWI data to the land cover; model results were first overlaid on the land cover and 
then forested, shrubland and saturated wetlands from the original NWI data were overlaid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3.  Example of NWI data before and after running the aggregation model 
 
 
Unsupervised Classification 
 
Each of the following steps was applied to each of the 12 Landsat TM scenes independently (see 
Figure 2.4).  Scenes 2531 and 2532 were merged and classified together for both the Spring and Fall 
dates. 
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The Phase 1 tree class was processed by applying a separation model written in ERDAS Imagine by 
Iowa GAP staff.  The model splits the tree class into evergreen or deciduous subclasses based on a 
cutoff value in Band 5 of the earliest Spring date.  The model takes the tree-masked Spring date, 
(March or April work best), and assigns a value of one to all pixels with a Band 5 value of 90 or 
greater and the rest are assigned zero.  The cutoff value varies by five in either direction based on the 
imagery date and quality.  The Spectral Profiler was used to get sample band values in known sites of 
red cedar, pine and deciduous forest and a cutoff value was selected that is closer to the signature of 
deciduous forest. 
 
The result of the model was a mask that was used with the Spring imagery in an unsupervised 
classification to produce an almost entirely deciduous forest with some mixed evergreen/deciduous 
forest.  The remaining original tree pixels (evergreens) were run through a separate unsupervised 
classification to generate groups of evergreen forest or woodland and some mixed evergreen/deciduous 
forest or woodland.  Both classifications used all six bands as input in generating 100 groups. 
 
The tree map labels were then processed with digital soils data to fix pixels incorrectly classified as 
cedar, pine or evergreen.  An early Spring date in March or April works best for delineating evergreen 
map labels.  However, the signature of red cedar at this time is close to the signature of a mixed 
content pixel that includes a water/bank vegetation interface.  Thus, digital soils data were used as a 
mask to select evergreen or red cedar pixels occurring in floodplains and recode them to deciduous 
forest or woodland.  There is a small chance that pine plantations or red cedar may occur in the 
floodplain and these were erroneously changed, but we believe that those instances were rare. 
 
The grass class used a late Spring date when available.  All six bands were used in the unsupervised 
classification, resulting in 100 groups.  The majority of map labels were cool season grass (brome, 
alfalfa, bluegrass) and about 25% were warm season grass (native prairie).  Upland shrubland and 
grass with sparse trees were also found in this portion.  Displaying bands 4, 5 and 6 with the colors red, 
green and blue produced an image resembling false CIR.  Cool season pasture stood out very well as 
bright or pale red/orange.  The warm season class was dependent on ground-truth data for 
classification. 
 
A Fall date, usually October, was used to differentiate the two artificial (high and low vegetation) map 
labels.  It was beneficial to have some contrast between the growing vegetation and hard surface 
material (pavement, gravel).  The Spectral Profiler tool was used to get signatures for comparison 
between residential and commercial areas.  Based on that signature data, the three best bands for 
separation were subset from the 6 band image and used in an unsupervised classification.  The 
resulting 100 groups were assigned map labels using digital orthophoto quads as a background.  The 
ground-truth dataset contained very few sites of artificial cover so the DOQQs proved indispensable 
for classifying these two map labels. 
 
Once all twelve scenes were processed, they were merged together into one statewide image.  The 
overlay order (see Table 2.3) was determined by the classification analyst based upon overall scene 
content quality (see Figure 2.5).  Using ArcInfo, the completed image was converted to ArcInfo Grid 
format and clipped to the Iowa state boundary for distribution.
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Table 2.3.   Landsat Path/Row and Ordering Rank  
 
Path/Row Ordering Rank 
2731 1 
2831 2 
2631 3 
2632 4 
2431 5 
2531/32 6 
2732 7 
2730 8 
2830 9 
2530 10 
2630 11 
 
 
 
Post-processing 
 
After the Phase 1 land cover data were created, it was realized that the barren class included map labels 
besides actual barren sites.  Post-processing of the land cover was done to correct the largest 
occurrences and focused on the Phase 1 barren class.  The processing was done in two passes. 
 
Pass 1 - It was decided to process only 1/2 section and larger clumps; this translated to clumps >= 360 
pixels.  There were 141 clumps created in Imagine and individually examined using false CIR imagery 
display, DOQQs, a mines location shapefile and clump shape.  Roughly 60% of the clumps were 
recoded to cropland, 7% stayed barren, 17% became a newly created map label called barren/mixed 
vegetation and the rest of the clumps (16%) were distributed over wetlands, water and cool grass.  The 
new map label functions as a flag to focus future land cover classification.  The clumps contain a 
possible mix of barren, grass, trees and cropland.  This map label will not be further analyzed in the 
current Iowa Gap Analysis Program effort. 
 
Pass 2 - Clumps in the size range of 1/4 - 1/2 section (16 – 32 hectares or 180 - 359 pixels) were 
automatically recoded to cropland.  This decision was based on the analyst’s examination of smaller 
clumps surrounding the target clumps in Pass 1.  The total number of pixels that changed from barren 
to cropland in this pass was 68,295 or 0.042 percent of the total.  It was felt that the accuracy of the 
barren class would improve after this recoding. 
 
Most states thus far in the nationwide GAP land cover mapping process have resampled the final land 
cover map up to 2 hectares, the suggested minimum mapping unit.  We chose Story County in central 
Iowa to test the resampling effects, suspecting that the process would adversely affect the map unit 
distribution.  This area was chosen since it contains all map labels roughly in proportion to their 
statewide percentages.  For states with large areas of homogeneous, contiguous natural vegetation, the 
resampling effect is minimal and the tradeoff to get a smaller file is worth the loss of detail.  In Iowa, 
the landscape is extremely altered and the remaining non-agricultural vegetation is usually small in 
area and highly fragmented.   Since one reason the land cover map is created is to provide input for the 
vertebrate modeling process, any change in the map that would underestimate the possible habitat and 
overestimate cropland was viewed as a negative step. 
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Figure 2.4.  Image classification process applied to 12 Landsat TM scenes for Iowa 
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Figure 2.5.  Edge-matching scheme for the 12 classified images for Iowa
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Processing was done in ArcInfo GRID using focalmajority.  The syntax used was newgrid = 
focalmajority(<ingrid>, data).  The default square window of 3x3 pixels was used.  Only two map 
labels increased their numbers after the process: cropland and cool season grass.  The other 27 classes 
lost pixels.  Upland forest and woodland labels lost the largest percent of pixels, with upland shrubland 
labels with percent change in pixel amounts.  A visual inspection of the area before and after 
focalmajority processing showed small or linear areas were most likely to be lost.  This translates to 
grassy or tree areas along fences or waterways, patches of shrubs or trees, and wetlands.  The Iowa 
GAP staff decided that useful habitat was being underestimated, habitat structure within the landscape 
was being lost and cropland was overestimated with this process.  Thus, the final land cover map was 
kept at a 30 meter pixel resolution and the minimum mapping unit was also 30 meters. 
 
Results 
 
In all, 29 map labels were identified for Iowa (see Figure 2.6).  In the final map, the most common map 
label is cropland which covers 59.9% of the state (see Table 2.5).  Cool season grass is the next most 
abundant class at 21.2%; as a group, all the grass classes comprise 27.8%.  The forest class is next with 
five map labels totaling 6.4%, but the upland deciduous forest map label makes up 5.7% of that.  There 
are eleven wetlands classes but they only total 2% of the land area, including woody and herbaceous 
types.  Water and the two artificial classes have similar values, 1.2% and 1.1%, respectively.  The 
remaining six classes comprise 1.6% of the total land cover with woodlands and the two barren map 
labels making up 1.45% of that. 
and grassland with sparse trees being the next greatest loss.  Table 2.4 shows a summary of the map 
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Table 2.4.  Change in Pixel Amounts after Processing with FocalMajority.  
 
Pixel Amount Change % Change Map Label
-89892 -270.89 Eastern Red Cedar Forest
-26070 -179.83 Pine Forest
-117223 -163.53 Evergreen Forest
-380069 -4.23 Upland Deciduous Forest
-6358 -0.57 Temporarily Flooded Forested Wetland
-9528 -2.89 Seasonally Flooded Forested Wetland
-462832 -180.89 Mixed Evergreen/Deciduous Forest
-93610 -411.64 Eastern Red Cedar Woodland
-761193 -333.30 Upland Deciduous Woodland
-47863 -821.96 Mixed Evergreen/Deciduous Woodland
-306243 -332.78 Upland Shrub
-5408 -14.83 Temporarily Flooded Shrub
-5424 -14.37 Seasonally Flooded Shrub
-400 -6.85 Semi-permanently Flooded Shrub
-290 -27.23 Saturated Shrub
-2773163 -54.55 Warm Season Grass/Perennial Forb
362768 1.05 Cool Season Grass
-1893329 -189.65 Grassland w/ Sparse Trees
-199006 -82.15 Temporarily Flooded Wetland
-233932 -116.95 Seasonally Flooded Wetland
-27591 -21.85 Semi-permanently Flooded Wetland
-14246 -35.29 Saturated Wetland
-83506 -28.91 Permanently Flooded Wetland
-490415 -56.03 Sparsely Vegetated/Barren
3310289 3.31 Cropland
-318177 -42.37 Artificial/High Vegetation
-197195 -38.58 Artificial/Low Vegetation
-378069 -25.88 Open Water  
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Figure 2.6.  Iowa Land Cover
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Table 2.5.  Map Label Area Summary 
 
 
Map Label Name Area Sq. Km Pct total area
Eastern Red Cedar Forest 108.263 0.0743
Pine Forest 34.164 0.0234
Evergreen Forest 165.840 0.1138
Upland Deciduous Forest 8312.023 5.7051
Temporarily Flooded Forested Wetland 1092.529 0.7499
Seasonally Flooded Forested Wetland 313.876 0.2154
Mixed Evergreen/Deciduous Forest 637.348 0.4375
Eastern Red Cedar Woodland 101.548 0.0697
Upland Deciduous Woodland 886.925 0.6088
Mixed Evergreen/Deciduous Woodland 47.169 0.0324
Upland Shrub 357.302 0.2452
Temporarily Flooded Shrub 43.619 0.0299
Seasonally Flooded Shrub 43.900 0.0301
Semi-permanently Flooded Shrub 5.622 0.0039
Saturated Shrub 1.274 0.0009
Warm Season Grass/Perennial Forb 7057.256 4.8439
Cool Season Grass 30865.134 21.1848
Grassland w/ Sparse Trees 2595.812 1.7817
Temporarily Flooded Wetland 407.418 0.2796
Seasonally Flooded Wetland 415.452 0.2852
Semi-permanently Flooded Wetland 158.383 0.1087
Saturated Wetland 52.685 0.0362
Permanently Flooded Wetland 362.748 0.2490
Sparsely Vegetated/Barren 1061.985 0.7289
Barren/Mixed Vegetation 13.360 0.0092
Cropland 87196.109 59.8486
Artificial/High Vegetation 959.738 0.6587
Artificial/Low Vegetation 636.479 0.4369
Open Water 1760.548 1.2084
Totals 145694.507 100.00  
 
 
 
Accuracy Assessment 
 
Introduction 
 
Land cover is mapped for Gap Analysis to answer the fundamental question: what is the current 
distribution and management status of the nation’s major natural land cover types and wildlife habitats?  
Yet, without an accuracy assessment, users of the land cover map have little information about its overall 
reliability, particularly with respect to which land cover types and which regions of the map do not meet 
the program’s stated accuracy objectives.  It is impossible for image analysts and cartographers, who may 
create a statewide land cover map, to anticipate all future applications of their work, so an accuracy 
assessment should provide sufficient information to enable users to evaluate the suitability of the data for 
their particular purpose.  This can be described as the degree to which the data quality characteristics 
collectively suit an intended application.  The information reported includes details on the database's 
spatial, thematic, and temporal characteristics and their accuracy.  The spatial accuracy has been 
addressed in the Methods/Imagery section. 
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The approach currently recommended in the Gap Analysis Handbook for assessing land cover map 
accuracy (Gap Analysis Program, 2000) involves collection of an independent set of reference data, 
ideally after the final land cover map has been created and using a suitable sampling unit and statistical 
design.  In keeping with the research and development mission of the Gap Analysis Program, we 
developed a new approach to accuracy assessment with the help of the Iowa State University Statistical 
Laboratory.  Our technique is described in detail in Chapter 2 of Appendix E.1, but a brief overview is 
given in this chapter for the reader’s general understanding.  A pilot study was conducted in northeast 
Iowa to test the field techniques and analysis procedures.  The results are in Chapter 2 of Appendix E.1.  
Unfortunately, the technique that was developed was never implemented statewide due to lack of time and 
funding.  An accuracy assessment was done on the final land cover map using two existing datasets that 
contain data from the same time period as our Landsat imagery (1990-1992). 
 
Implemented Accuracy Assessment 
 
Several factors came together in early 2001 that influenced our decision to use existing datasets for 
accuracy assessment and forego the implementation of a statewide data collection effort.  When the land 
cover map was completed in early 2001, the imagery it was based upon was eight to ten years old.  If 
Iowa GAP were to collect ground referenced data in 2001 for accuracy assessment purposes, the accuracy 
percentages would not reflect the true accuracy of the map since Iowa GAP staff  know certain areas and 
land cover types have changed drastically in the last 10 years.  For example, cropland and grass map 
labels will have been altered due to transition of land in the Conservation Reserve Program (CRP) to other 
uses.  Also, with two to three months available to organize a statewide data collection effort, GAP staff 
realized there would not be enough trained, qualified personnel to conduct an effective survey.  Lastly, the 
budget had enough money to complete the rest of the basic analysis but not enough to fund a 
comprehensive field survey. 
 
Two datasets were available for our use from the same time period as our land cover map: a partial 
statewide coverage of land cover from the Iowa county offices of the Natural Resource Conservation 
Service (NRCS) and the joint USGS and EPA generated National Land Cover Dataset (NLCD).  The 
NRCS coverage was provided by the Iowa DNR; the NLCD land cover grid is available online at 
http//:edcwww.cr.usgs.gov/products/landcover.html.  The DNR acquired the NRCS data as paper sheets 
filled out in the field.  NRCS employees conducted the surveys in July 1990 in 96 of 99 counties and 
supplied data for the agriculture classes; all counties were not digitized for this project.  DNR staff 
digitized 4,983 polygons (Appendix A.5.) within seven Landsat scenes using the TM imagery as a 
background.  The other classes in the coverage (forest, water, etc.) were digitized by DNR staff using 
airphotos as a background. 
 
Methods 
 
Iowa GAP staff merged the seven scene data into one coverage and reclassified the vegetation classes to 
the corresponding GAP map label.  Table 2.6 shows which NRCS classes were merged into which GAP 
map labels.  These classes were aggregated again into Anderson Level 1 (Anderson et al. 1976) categories 
to facilitate the creation of an error matrix.  Anderson Level 1 was chosen as the aggregation classification 
since it is well known and gives a general idea of how well the two datasets agree.  Several NRCS 
vegetation types could not be used due to lack of correspondence: cloud, cloud shadow, mixed vegetation, 
two wetland savanna classes and no data.  Of the total 198,179 pixels assessed in the NRCS polygons, 2% 
or 3,564 pixels, could not be used due to the no data classification. 
 
The NRCS data produced an overall accuracy of 77% (see Table 2.7 and Appendix A.7).  The producer’s 
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accuracy ranged from a high of 96% with water to a low of 15% with barren.  The user’s accuracy had a 
high of 89% for cropland and a low of 33% for barren.  Producer’s accuracy, also known as error of 
omission, refers to how accurately a given area on the ground matches the corresponding area on the map.  
Producer’s accuracy is calculated by dividing the number of pixels correctly classified by the total number 
of reference points with that class.  User’s accuracy, also known as error of commission, refers to how 
accurately a mapped area matches the corresponding area on the ground.  A low user’s accuracy 
represents a high error of commission.  User’s accuracy is calculated by dividing the number of correctly 
classified pixels by the total number of pixels of the class assessed.  Overall accuracy is the number of 
correctly classified reference points divided by the total number of reference points.  
33 
 
Table 2.6.  Cross-reference between the Original NRCS Vegetation Type and the GAP Map Label 
 
NRCS Vegetation Type GAP Map Label NRCS Vegetation Type GAP Map Label 
Acr(Annual Oats) Cropland Foxtail Cool Grass 
Alf/Brome Mix Cool Grass Garden Crops Cropland 
Alfalfa Cool Grass Golf Course Cool Grass 
Alfalfa Csp Cool Grass Grain Sorghum Cropland 
Alfalfa Hay Cool Grass Gravel Pit Barren 
Alfalfa/Brome Csp Cool Grass Hay Cool Grass 
Apple Orchard UpDecidWood Idle Land Barren 
Asparagus Cropland Mixed Veg. No Data 
Bare Soil Barren Oat Crp Cool Grass 
Barren Barren Oats Cool Grass 
Bluegrass Cool Grass Orchard UpDecidWood 
Bluegrass Csp Cool Grass Pasture Cool Grass 
Bromegrass Cool Grass Pasture/Alfalfa Cool Grass 
Bromegrass Csp Cool Grass Peas Cropland 
Brush UpShrub Pit Barren 
Cedar Cedar Forest Potatoes Cropland 
Cloud No Data Prairie Warm Grass 
Cloud Shadow No Data Quarry Barren 
Clover Cool Grass River Open Water 
Cool Season Pasture Cool Grass Row Crop Cropland 
Corn Cropland Sand Pit Barren 
Crp Cool Grass Seeded Cropland 
Crp/Brome Cool Grass Soybeans Cropland 
Fallow Barren Strawberry Cropland 
Forest UpDecidForest Strip Mine Barren 
Forest(High Density) UpDecidForest Switchgrass Warm Grass 
Forest(Low Density) UpDecidWood Tomatoes Cropland 
Forest(Lo High Density) Bottomland Forest Urban Art/LoVeg 
Forest(Lo Low Density) No Data Urban(Comm) Art/LoVeg 
Forest(Lo Low/Med Density) Bottomland Forest Urban(Hdresid) Art/HiVeg 
Forest(Lo Med Density) Bottomland Forest Urban(Ldresid) Art/HiVeg 
Forest(Lo Med/High Density) Bottomland Forest Vineyard Cool Grass 
Forest(Lo Very Low Density) No Data Warm Season Pasture Warm Grass 
Forest(Med Density) UpDecidForest Water Open Water 
Forest(Up High Density) UpDecidForest Wetland Any Wetland 
Forest(Up Low Density) UpDecidWood Wheat Cropland 
Forest(Up Low/Med Density) UpDecidWood Xmas Trees Pine Forest 
Forest(Up Med Density) UpDecidForest     
Forest(Up Med/High Density) UpDecidForest     
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The NLCD data was generated from Landsat 5 imagery from 1987 to 1992.  There were 16 classes in 
their coverage for Iowa and thematically they matched very well with the Iowa GAP map labels.  
However, like the NRCS dataset, the relationship was not one-to-one so the traditional error matrix could 
not be calculated at the map label level.  An aggregated error matrix was calculated with seven classes 
based on the Anderson Level 1 classification (see Table 2.8 and Appendix A.6).  The cross-tabulation 
serves to show which classes in the GAP map matched which classes in the NLCD map and how many 
pixels were in common.  Table 2.9 shows how the GAP map labels and NLCD map labels were 
aggregated to Anderson Level 1 classes. 
 
Certain known differences in classification techniques between the Iowa GAP process and the NLCD 
process resulted in the same area being classified differently.  For example, an urban areas coverage was 
used in the NLCD classification which produced cities and towns dominated by residential or commercial 
classes.  The GAP coverage classified cities and towns strictly by spectral reflectance values.  Therefore, 
in the GAP coverage, parks or low-density residential areas could be classified partly as cool season grass 
or deciduous forest.  Shrubland in the GAP coverage was the only map label that did not have a related 
counterpart in the NLCD coverage.  Not surprisingly, the majority of those pixels fell into the pasture/hay 
class of the NLCD.  The woodlands map labels from the GAP coverage were combined with the forest 
map labels when comparing to the NLCD; this seemed acceptable since the species composition was the 
same, only the canopy density was different.  Similarly, the shrubland and forested wetlands GAP classes 
were combined since the NLCD documentation stated that those constituted their woody wetlands class.  
The Anderson Level 1 error matrix showed the best matching between cropland for both producer’s and 
user’s accuracies with 80% and 93% respectively.  Overall accuracy was calculated to be 75%.  Not 
surprisingly, both urban and barren had low to moderate accuracies for both accuracy types.  This is 
probably explained by the classification technique referred to earlier. 
 
Results 
 
Use of either dataset was not ideal for this assessment but they were the most compatible datasets 
available to us.  The NRCS coverage is based on the polygon, which in the case of Iowa, will probably 
include more than one map label due to the highly fragmented landscape.  A benefit to using this coverage 
is the data was ground-truthed at the time of the imagery, even though it does not cover the entire state.  
The drawback to using the NLCD dataset is that it is a product generated from classified imagery.  It is 
one step removed from actual ground-truthed data, however, it does cover the entire state.  Each dataset 
has it’s drawbacks and benefits; it was encouraging to see the calculated overall accuracies were similar 
(75% and 77%).  
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Table 2.7.  Error Matrix Showing Producer’s and User’s Accuracies for GAP Data using the NRCS Data as a Reference. 
       Table Values are Shown in Number of Pixels. 
 
 
  Urban Cropland Grass Forest Water Wetlands Barren No Data Total User % NRCS 
Urban 11570 42 24 70 3 1 2242 43 13995 82.67  
Cropland 535 70666 4843 595 53 174 739 1463 79068 89.37  
Grass 4044 4772 21947 3626 62 1834 501 1265 38051 57.68  
Forest 491 261 1199 27394 54 943 58 427 30827 88.86  
Water 6 49 162 138 15369 7416 549 135 23824 64.51  
Wetlands 0 169 394 3868 380 4914 233 147 10105 48.63  
Barren 593 283 210 55 68 255 761 84 2309 32.96  
Total 17239 76242 28779 35746 15989 15537 5083 3564 198179   
Producer % 67.12 92.69 76.26 76.64 96.12 31.63 14.97       
GAP                   Overall Accuracy 77%
 
 
 
 
Table 2.8.  Error Matrix Showing Producer’s and User’s Accuracies for GAP Data using the NLCD Data as a Reference. 
Table Values are Shown in Number of Pixels. 
 
 
  Urban Cropland Grass Forest Water Wetlands Barren Total User % NLCD 
Urban 1045341 367718 249865 65774 7678 8808 28388 1773572 58.94   
Cropland 714934 90561160 4340061 975633 24039 259390 9341 96884558 93.47   
Grass 1832657 18957560 20469349 3515944 54380 563880 23408 45417178 45.07   
Forest 286875 1668903 1929132 6939199 76994 531687 4181 11436971 60.67   
Water 33907 267231 150779 244151 1007548 237952 9375 1950943 51.64   
Wetlands 38762 596155 314597 579506 240509 1444538 5336 3219403 44.87   
Barren 75660 793610 133967 88118 48190 45451 9830 1194826 0.82   
Total 4028136 113212337 27587750 12408325 1459338 3091706 89859 161877451    
Producer % 25.95 79.99 74.20 55.92 69.04 46.72 10.94     
GAP                 Overall Accuracy 75%
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Table 2.9.  Anderson 1 Aggregation Scheme for the NLCD Dataset and the GAP Dataset 
 
 
GAP Map Label Anderson 1 NLCD Map Label Anderson 1 
12 Eastern Red Cedar Forest 4 11 Open Water 5
17 Pine Forest 4 21 Low Inten. Residential 1
18 Evergreen Forest 4 22 High Inten. Residential 1
19 Upland Deciduous Forest 4 23 Commercial/Industrial 1
20 Temporarily Flooded Forested Wetland 6 31 Bare Rock 7
24 Seasonally Flooded Forested Wetland 6 32 Quarry/Mines 7
30 Mixed Evergreen/Deciduous Forest 4 33 Transitional 7
41 Eastern Red Cedar Woodland 4 41 Deciduous Forest 4
42 Upland Deciduous Woodland 4 42 Evergreen Forest 4
44 Mixed Evergreen/Deciduous Woodland 4 43 Mixed Forest 4
51 Upland Shrubland 3 71 Grass/Herbaceous 3
52 Temporarily Flooded Shrubland 6 81 Pasture/Hay 3
53 Seasonally Flooded Shrubland 6 82 Row Crops 2
54 Semi-permanently Flooded Shrubland 6 83 Small Grains 2
55 Saturated Shrubland 6 85 Urban Grass 3
61 Warm Season Grass 3 91 Woody Wetlands 6
66 Cool Season Grass 3 92 Herbaceous Wetlands 6
67 Grassland w/ Sparse Trees 3     
71 Temporarily Flooded Wetland 6     
72 Seasonally Flooded Wetland 6       
73 Semi-permanently Flooded Wetland 6   Anderson 1 Name Code
74 Saturated Wetland 6  Urban 1
75 Permanently Flooded Wetland 6  Cropland 2
80 Sparsely Vegetated/Barren 7  Grass 3
82 Barren/Mixed Vegetation 7  Forest 4
90 Cropland 2  Water 5
101 Artificial/High Vegetation 1  Wetlands 6
102 Artificial/Low Vegetation 1  Barren 7
110 Open Water 5       
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Designed Accuracy Assessment and Pilot Study 
 
As was mentioned at the beginning of this section, the Iowa Gap Analysis team decided 
to investigate ways to improve the accuracy assessment techniques applied to land cover 
maps.  We approached the Iowa Statistical Laboratory, our EPA Region 7 representative 
and the other three states in our EPA region (Nebraska, Kansas and Missouri) about 
collaborating on the development of these techniques for sample design, data collection 
and data analysis.  Partial funding was granted by EPA to conduct a regional pilot study 
in 1999.  Iowa, Nebraska and Kansas each conducted a study and sent their data to the 
Statistical Laboratory at Iowa State University for analysis; Missouri did not have the 
personnel or time to conduct a study.  The full report of the study methods and results is 
Appendix E.1.  The Iowa portion of the study will be discussed here; it is summarized in 
Appendix E.2, which is a copy of a Gap Bulletin article. 
 
The pilot study was conducted during the summer of 1999.  Four counties comprised the 
study area: Allamakee, Clayton, Fayette and Winneshiek.  This region was selected 
because the land cover mapping was nearly complete in this area.  A stratified two-stage 
cluster sample design was used to select sample pixels from the four-county study area 
for field visits.  The first stage involved selecting area segments roughly the size of a 7.5’ 
USGS quadrangle.  In the second stage, individual pixels were selected.  The novel 
approach of using a pixel cluster as an observation unit worked reasonably well in the 
field.  With the availability of inexpensive, highly accurate, real-time GPS units, locating 
a pixel center to within 10 meters was possible. The pixel was chosen as the observation 
unit for several reasons.  It is the smallest homogeneous element in the land cover grid, 
the center could be found with current GPS technology, and deciding on a reference label 
for a 900-meter-square area is much easier than for a larger area (which would be the 
case if a polygon was used as the observation unit).  The current National GAP standard 
advocates using a polygon as the observation unit.  However, assigning one land cover 
type to a polygon is not usually very simple; mapped polygons tend to be composed of 
more than one land cover type due to the coarse resolution of the satellite imagery. 
 
Once pixels were selected (236 total), small color maps were printed for use in the field 
for locating the pixels (see Appendix E.3).  A point on the map represented the pixel; the 
map background showed the relevant USGS topographic quad as a DRG, pixel ID 
number and a small county inset with highways for general navigation.  If the pixel was 
located on private land, a letter was sent to the owner requesting permission to enter their 
property.  Each land owner was contacted with a phone call prior to locating the pixel on 
their land, whether or not they responded to the initial letter.  Between the letter and 
phone call, 73% of the 198 individual land owners granted permission for access.  The 
field assessor also carried a table listing each pixel ID number and its UTM coordinates.  
A list of map label codes and a nine pixel block map completed the field package.  The 
selected pixel was the target or center of the nine pixel block, the other eight were 
evaluated for later analysis.  While developing the protocols for this pilot study, concerns 
were raised about the validity of locating the center of one pixel given the possible error 
in registering the imagery.  It was decided to record ground map labels for the target pixel 
and surrounding eight pixels so the accuracy could be separately assessed for the one 
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target and block of nine. 
 
Two biologists were used for gathering the field data.  They orienteered to the center of 
each pixel using the general location map and then the GPS unit.  They recorded the code 
of the applicable map label on the map in the box representing the pixel they were 
evaluating.   They also recorded other information on the data sheet (see Appendix E.4).  
The center of each pixel was located and visited unless the type of map label made it 
obvious what the other pixels were without leaving the center pixel (e.g., cropland or 
grass). 
Data sheets were analyzed at the ISU Statistical Laboratory.  The overall accuracy for the 
four county area was 69.5%.  Producer’s accuracy ranged from 5.9% with coniferous 
forest to 90.9% with water.  The user’s accuracy ranged from 5.8% with mixed forest to 
93.9% with urban.  The original map labels were aggregated into 12 classes for analysis 
so similar classes and accuracies could be compared between the three states involved in 
the pilot study.  Each state had a slightly different map label list so each map label didn’t 
necessarily correspond to one in another state. 
 
Performing the pilot study was important to the Iowa Gap Analysis program.  Iowa GAP 
staff were convinced of the need to develop a more statistically rigorous assessment 
method and analysis techniques that would better represent the mapping challenges and 
special landscape conditions found in the Midwest.  The overall accuracy for the 
northeast portion of the state sampled in the pilot study was similar to both overall 
accuracies found with the other two assessments performed.  This is encouraging 
evidence that the sampling techniques and observation unit used in the pilot study 
produce accuracies similar to those achieved with other techniques.  The greatest concern 
before performing the pilot study was that using the pixel as the observation unit would 
result in very low accuracies due to the inability to find the correct pixel.  Assuming the 
land cover map was registered to within 15 meters, the coordinates of the center of the 
pixel were very close to the correct spot on the ground.  The Iowa study found that with 
the high accuracy of the real-time GPS units, navigating to within five or ten meters of 
the center coordinates was not usually a problem.  An expected outcome of the pilot 
study was confirmed: using current ground truth data to assess the accuracy of a 
classification based on several years old satellite imagery can introduce temporal errors. 
If the classification process takes an average of two to three years then the actual land 
cover may have changed since the imagery was flown.  Future attempts in mapping land 
cover should consider this technique for accuracy assessment. 
 
Limitations and Discussion 
 
Many factors can influence the actual and reported accuracy of classifications derived 
from Landsat TM data (Congalton 1991, Congalton and Green 1993, Lachowski et al. 
1995).  These include: limitations associated with input data, including both TM imagery 
or ground-truth data; patterns inherent in the land cover being mapped; errors introduced 
in the classification process; changes in land cover between acquisition of imagery and 
field reference data; and errors in the reference data used for accuracy assessment.  Some 
of these influencing factors are discussed below. 
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Landscape Pattern Considerations 
 
The extensive human disturbance of the Iowa landscape has resulted in a highly 
fragmented land cover pattern.  The agricultural based economy has produced a 
landscape matrix of crop fields bounded by hedgerows, farmsteads protected by 
windbreaks, pastures with forest islands and many small towns.  The use of 30-meter 
resolution pixels to classify such a landscape means that many pixels represent the 
reflectance of more than one distinct land cover type.  This will ultimately affect the land 
cover accuracy. 
 
TM Data 
 
Given both the spatial and spectral resolutions of TM data, not all vegetation alliances 
can be delineated or classified accurately.  For example, frequently there was variation in 
the spectral composition of 30- meter pixels representing the same cover type, such as 
eastern red cedar woodland.  If the variation within a cover type is greater than the 
variation among different cover types, then these cover types will be confused spectrally 
with others.  In the case of the eastern red cedar woodland, it’s spectral signature varied 
depending on tree size and density, as well as the amount of understory grass or 
deciduous woody vegetation.  Also, the time of year of the imagery had an effect on all 
woodland classes; if the understory had a large grass component and it was actively 
growing, then the grass signature could override the tree component entirely. 
 
The date of the imagery can also have more general effects on the classification success.  
Most of the satellite imagery used in the classification was selected and purchased by 
people with little knowledge of the specific timing of phenological characteristics of Iowa 
vegetation.  In order to reliably discriminate between some vegetation types, at least two 
dates of imagery must be used that show different signatures for the types.  The specific 
timing of the imagery is as important as having at least two dates.  For picking out 
evergreen classes, very early Spring (April) imagery is best.  For cool season grass, a 
later Spring date is better; mid-May seemed to be adequate.  Generally, the supplied dates 
worked reasonably well for separating evergreen and deciduous trees and warm and cool 
season grasses.  Perhaps a mid to late October date would discriminate between some 
upland deciduous forest alliances that were aggregated in this classification.  For 
example, leaf fall from oak trees occurs later than other deciduous species.  If chosen at 
the right time, imagery should be able to detect a different signature for maple-basswood 
areas versus oak-hickory due the different times of leaf color change (and growth 
activity) and thus, the different leaf reflectances. 
 
Ground-truth Data for Classification 
 
In order to take advantage of a nationwide purchase of imagery at minimal cost to our 
state program, Iowa GAP used satellite imagery mainly from 1992; the latest image used 
was 1994.  Our classification effort and ground referenced data collection began in late 
1997 and continued for three years.  The five year average difference has likely been the 
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source of some misclassification.  To have enough reference areas to reliably classify 
each scene, many sources were used to provide data.  Much existing data was used, both 
from cooperating public agencies and research data from various Iowa State University 
departments.  Every effort was made to delete data that had gross inconsistencies with 
our satellite imagery or other obvious content or spatial alignment errors.  In the end, 
Iowa Gap staff had to trust that the reference data was accurate. 
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Chapter 3 
PREDICTED ANIMAL SPECIES DISTRIBUTIONS AND 
SPECIES RICHNESS 
 
Introduction 
 
All species range maps are predictions about the occurrence of those species within a 
particular area (Csuti 1994). Traditionally, the predicted occurrences of most species 
begin with samples from collections made at individual point locations. Most species 
range maps are small-scale (e.g., >1:10,000,000) and derived primarily from point data to 
construct field guides which are suitable, at best, for approximating distribution at the 
regional level or counties. The purpose of the GAP vertebrate species maps is to provide 
more precise information about the current predicted distribution of individual native 
species according to actual habitat characteristics within their general ranges and to allow 
calculation of predicted area of distributions and associations to specific habitat 
characteristics. 
 
GAP maps are produced at a nominal scale of 1:100,000 or better and are intended for 
applications at the landscape or "gamma" scale (heterogeneous areas generally covering 
1,000 to 1,000,000 hectares and made up of more than one kind of natural community). 
Applications of these data to site- or stand-level analyses (site--a microhabitat, generally 
10 to 100 square meters; stand--a single habitat type, generally 0.1 to 1,000 ha; Whittaker 
1977, see also Stoms and Estes 1993) will likely reveal the limitations of this process to 
include differences in habitat quality (e.g., understory condition) or microhabitat features 
such as standing dead trees. 
 
Gap analysis uses the predicted distributions of animal species to evaluate their 
conservation status relative to existing land management (Scott et al. 1993). However, the 
maps of species distributions may be used to answer a wide variety of management, 
planning, and research questions relating to individual species or groups of species. In 
addition to the maps, great utility may be found in the consolidated specimen collection 
records and literature that are assembled into databases used to produce the maps. 
Perhaps most importantly, as a first effort in developing such detailed distributions, they 
should be viewed as testable hypotheses to be confirmed or refuted in the field.  
Biologists and naturalists are encouraged to conduct such tests and report their findings in 
the appropriate literature or to the Gap Analysis Program so that new data may improve 
future iterations. 
 
Previous to Gap Analysis there were no maps available, digital or otherwise, showing the 
likely present-day distribution of species by habitat type across their ranges. Because of 
this, ordinary species (i.e., those not threatened with extinction or not managed as game 
animals) are generally not given sufficient consideration in land-use decisions in the 
context of large geographic regions or in relation to their actual habitats. Their decline, 
because of incremental habitat loss can, and does, result in one threatened or endangered 
species "surprise" after another. Frequently, the records that do exist for an ordinary 
species are truncated by state boundaries. Simply creating a consistent spatial framework 
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for storing, retrieving, manipulating, analyzing, and updating the totality of our 
knowledge about the status of each animal species is one of the most necessary and basic 
elements for preventing further erosion of biological resources. 
 
In Iowa, habitat fragmentation has been an on-going landscape transformation for more 
than 150 years.  With a dynamic landscape associated with intense agriculture and 
development, an assessment of how Iowa’s vertebrate species are faring can be a 
daunting project.  Relating habitat needs and distributions of vertebrate species to the 
land cover types delineated from satellite imagery is considered a coarse-scale approach, 
limited by the resolution of the land cover data layer.  Despite the constraints that are 
involved with the coarse resolution of the land cover dataset, predicting species 
distributions according to environmental features that have been mapped from remotely 
sensed data is a rapid and efficient approach to estimating the biodiversity status of 
vertebrates within and across a landscape.  This approach is the first time an attempt has 
been made to assess the overall biodiversity status of terrestrial vertebrate taxa in Iowa.  
In the past, the state has relied on various sources and types of data to document species 
presence or absence.  
 
Mapping Standards and Data Sources  
The process for mapping Iowa’s vertebrate species distributions followed the standards of 
the Gap Analysis Handbook, revised edition from March 1998.  All GIS layers were 
created in ESRI’s ArcView 3.2 version software.  Development of ancillary coverages 
(see Appendix B.1) used both Arc/Info 7.0.2 and ArcView 3.2.  
 
Methods 
 
An iterative five-step approach was followed to predict vertebrate species distributions in 
Iowa.  The following steps describe this process. 
 
Step 1 
Vertebrate species lists were developed to determine which species would be modeled 
and mapped.  This process involved a review by individual scientists with expertise about 
Iowa’s vertebrate taxa. The goal was to develop species lists that would include species 
breeding in Iowa and those regularly occurring as non-accidentals.  Iowa has about 348 
terrestrial vertebrates regularly breeding in the state; this total includes rare, endangered 
or threatened species.  Species that are extinct or extirpated were not modeled.  Exotic or 
introduced species were included if their status affected state natural resource 
management policy (i.e. game species). 
 
After establishment of GAP species lists, official names, element codes and status 
attributes were assigned according to the “Selected Nature Conservancy’s Scientific Data 
Sets---Vertebrate Animals.”  The element codes were downloaded from TNC website 
(www.tnc.org) in November 1997.  (Editor’s note:  Element codes are no longer 
maintained by TNC).  Some discrepancies were found where species were considered 
sub-species and utilized only one elemental code.  In those cases, a sub-species was 
designated, but used the species general code. 
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Step 2 
Criteria For Species Selection 
 
Mammals 
53 of the 81 species contained in the IA-Gap mammal list were modeled.  Iowa has 38 
species considered “common” in the state (Bowles et. al. 1998). The Indiana Bat (Myotis 
sodalis) is both Federal and State Endangered, while the Plains pocket mouse 
(Perognathus flavescens), red-backed vole (Clethrionomys gapperi), and bobcat (Felis 
rufus) are listed as State Endangered. The least shrew (Cryptotis parva), Northern 
grasshopper mouse (Onychomys leucogaster), spotted skunk (Spilogale putorius), and re-
introduced river otter (Lutra canadensis) are considered State Threatened. Other mammal 
species of special concern in Iowa that are either rare or uncommon are white-tailed 
jackrabbit (Lepus townsendii), Franklin’s ground squirrel (Spermophilus franklinii), 
Richardson’s ground squirrel (Spermophilus richardsonii) (short-lived vangard 
population), flying squirrel (Glaucomys volans), Southern bog lemming (Synaptomys 
cooperi) (Special Concern listing), woodland vole (Microtus pinetorum), gray fox 
Urocyon cinereoargenteus), ermine (Mustela erminea), long-tailed weasel (Mustela 
frenata), least weasel (Mustela nivalis), and mule deer (Odocoileus hemionus) (Bowles 
et. al. 1998).  
 
Mammals extirpated from the state include pigmy shrew (Sorex hoyi), Eastern woodrat 
(Neotoma floridana), porcupine (Erethizon dorsatum), gray wolf (Canis lupus), swift fox 
(Vulpes velox), black bear (Ursus americanus), marten (Martes americana), fisher 
(Martes pennanti), wolverine (Gulo gulo), mountain lion (Felis concolor), lynx (Lynx 
canadensis), moose (Alces alces), and pronghorn antelope (Antilocapra americana).  A 
captive herd of bison (Bison bison) and elk (Cervus canadensis) were established at Neal 
Smith National Wildlife Refuge in 1996 and 1998 respectively. 
 
Dr. John B. Bowles provided an extensive database of mammal records dating back 
nearly 100 years.  This mammal database contains approximately 20,000 records from 
various museum collections and field studies conducted by Dr. Bowles and other state 
mammalogists.  The database also includes bat rabies data.  The Bowles database was 
used to construct distribution maps based on point locations. 
 
Birds 
The IA-Gap distribution layer for breeding birds was derived from the Iowa Breeding 
Bird Survey database (Jackson et. al. 1996).  The Iowa Breeding Bird Survey data 
included 155 confirmed, 16 probable, 13 observed, and 12 possible species.  Of the 12 
possible species included in the list, 6 species were questionable (with only historic 
nesting records) and were not modeled. Those include Common Loon (Gavia immer), 
American White Pelican (Pelecanus erythrorhynchos), Franklin’s Gull (Larus pipixcan), 
Red-Breasted Nuthatch (Sitta canadensis), Rock Wren (Salpinctes obsoletus), and 
Golden-winged Warbler (Vermivora chrysoptera).  There are 9 species considered 
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endangered: Red-shouldered Hawk (Buteo lineatus), Northern Harrier (Circus cyaneus), 
Peregrine Falcon (Falco peregrinus), Piping Plover (Charadrius melodus), Barn Owl 
(Tyto alba), Least Tern (Sterna antillarum), Bald Eagle (Haliaeetus leucocephalus), King 
Rail (Rallus elegans), and Short-eared Owl (Asio flammeus).  Two species are considered 
state threatened: Long-eared Owl (Asio otus) and Henslow’s Sparrow (Ammodramus 
henslowii). Four species are on the Federal Threatened and Endangered list: Bald Eagle 
and Piping Plover are federally threatened, while the Least Tern and Peregrine Falcon are 
federally endangered.  Forester’s Tern (Sterna forsteri) and Black Tern (Chlidonias 
niger) are of Special Concern. The list included three introduced species, Ring-necked 
Pheasant (Phasianus colchicus), European Starling (Sturnus vulgaris), and House 
Sparrow (Passer domesticus); of which only the Ring-necked Pheasant was modeled.  
The Trumpeter Swan (Cygnus buccinator) is considered a state re-introduced, native 
species, and is a candidate for a possible nesting species again.  Only Breeding Bird 
Survey birds categorized as confirmed and probable (170) were selected for modeling.  
 
In addition to using the Iowa Breeding Bird Atlas data, colonial or rookery survey data 
from the Iowa Department of Natural Resources was also used. These data included 
records for Great Blue Heron (Ardea herodias), Great Egret (Ardea alba), Double-crested 
Cormorant (Phalacrocorax auritus), and Cattle Egret (Bubulcus ibis), as well as data 
collected for Bald Eagle nest sites.  
 
Reptiles and Amphibians 
A list of reptiles and amphibian species was developed with assistance from Dr. James L. 
Christiansen of Drake University in Des Moines.  21 amphibian and 44 reptile species 
were modeled.  Three species of amphibians are endangered: Blue-spotted Salamander 
(Ambystoma laterale), Mudpuppy (Necturus maculosus), and Crawfish Frog (Rana 
areolata).  The Central Newt (Notophthalmus viridescens) is considered threatened in the 
state. 
 
The following list of reptiles are considered state endangered: Yellow Mud Turtle 
(Kinosternon flavescens), Wood Turtle (Clemmys insculpta), Great Plains Skink 
(Eumeces obsoletus), Slender Glass Lizard (Ophisaurus attenuatus), Yellowbelly Water 
Snake (Nerodia erythrogaster), Western Hognose Snake (Heterodon nasicus), Speckled 
Kingsnake (Lampropeltis getulus), Copperhead (Agkistrodon contortrix), Prairie 
Rattlesnake (Crotalus viridis), and Massasauga Rattlesnake (Sistrurus catenatus).  
Reptiles listed as threatened are: Stinkpot (Sternotherus odoratus), Ornate Box Turtle 
(Terrapene ornata), Diamondback Water Snake (Nerodia rhombifera), Western Worm 
Snake (Carphophis amoneus), and Smooth Green Snake (Opheodrys vernalis). 
 
Over the last several decades Dr. Christiansen has compiled an extensive database of 
specimen records for reptiles and amphibians of Iowa.  This database was used to 
construct the point distribution maps.  Selected data from the state’s Natural Heritage 
Program was also used. 
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Vertebrate Locational Records 
Locational records for each vertebrate species were obtained and documented their 
source in a Microsoft Access database (Step 1, Appendix B.2).  These data were used to 
construct range maps for each species.  The maps provided a visual tool that we used to 
support expert review, editing and evaluation. For species listed as rare, threatened, or 
endangered effort was made to obtain point locations from state and federal databases 
such as Iowa’s Natural Heritage Program,  the Iowa Department of Natural Resource’s 
Wildlife Diversity Program, and U. S. Fish and Wildlife Service.  Care was taken to 
assign a generalized spatial scale to those sensitive threatened and endangered species 
locations. 
 
Databases for mammals, amphibians and reptiles included records from the early to mid-
1900s.  GAP standards require that current records be used to give the best possible 
assessment of a species current range limits.  For amphibians and reptiles, data from 1950 
to the present was used.  For mammals, records obtained after 1980 as a basis for range 
maps was used.  Breeding bird records used were from 1985 to 1995. 
 
Step 3  
 
EMAP Hexagons 
The Gap standard minimum mapping unit (MMU) for range maps is the EPA’s 
Environmental Monitoring and Assessment Program (EMAP) hexagon.  The hexagon 
unit is a regular, equal area 635 km2 hexagonal grid (White et al. 1992).  Hexagons are 
used to construct range maps instead of traditional political boundaries, such as county 
lines, because hexagons are uniform in shape and area.  Its hierarchical structure provides 
for increasing or decreasing grid densities in future analysis. 
Iowa has a total of 265 hexagon units (see Appendix B.3). 
 
After entering all the locational data into separate databases for each taxa (Step 2), a 
unique range map based on point location data was created for each species.  These range 
maps were then overlaid with the hexagons.  Each species’ point location was buffered 
by at least one hexagon to determine the range limit of that species.  In other words, each 
species point location fell within the boundaries of a hexagon.  The outer hexagons of the 
range map were buffered by an additional hexagon.  Buffering was used to err on the side 
of inclusion rather than exclusion. 
 
After draft hexagon range maps were created for mammals, birds, reptiles and 
amphibians, an expert review of each species’ range was conducted (see Appendix B.4 
for list of reviewers for each taxa or individual species).  Each reviewer gave 
determinations of the range based on the point/hexagon distribution.  The validity of the 
observations were assessed and documented any changes in boundaries due to expanded 
or decreased range limits.  In some cases, several reviewers collaborated to produce range 
limits for a species or groups of species.  See Figure 3.1 for an example of a final range 
map. 
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Figure 3.1.  Probable range of the Prairie Kingsnake, Lampropeltis calligaster calligaster 
 
After expert review, species hexagon range maps were then added to the final vertebrate 
modeling process.  Maps of species richness within hexagons were created later, after 
distributions were predicted, and do not reflect sums based on hexagons at this stage.   
 
Step 4  
A Wildlife Habitat Relational Model (WHRM) was developed for each vertebrate species 
to document associations between species and habitat features such as land cover types 
and other ancillary data layers (elevation, wetlands, climate, and buffer distances).  The 
goal was to identify, through documented sources, the physiographic habitat features 
(land cover classes) with which a species is associated.  A literature review was 
conducted for each species or group of species and this data was used to develop the 
WHRM.  Whereas, a known distribution can only be derived from locality records, the 
next step in predicting a species’ range requires building a habitat model using the 
appropriate habitat classes for that species plus any additional data.  Peer-reviewed 
literature was used, where possible, on the ecology and natural history of individual 
species or groups of species.  
47 
Figure 3.2.  Flow chart showing the five steps in developing predicted species 
distributions. 
 
Step 5 
The final step was to integrate each species’ range limits with its associated habitat 
requirements.  After preparing all the GIS layers included within the WHRM (see Figure 
3.2), a raster-based modeling approach was used to combine the known distributions and 
the WHRM into predicted distributions for each species.  Species with like habitat 
models were grouped together for processing. The habitat layers for each processing 
group were processed in ArcView.  All input GRIDs were summed, reclassified to 
represent expected presence or absence then clipped to a species’ predicted range using 
the corresponding species’ EMAP hexagon range coverage.  The modeling process was  
automated by using Avenue, a scripting language within ArcView. 
 
Ancillary Data 
To build a species habitat model that can best reflect that species’ habitat needs, it was 
necessary to sometimes include ancillary data layers into the habitat model (see Table 
3.1).  Examples of ancillary data layers include water and wetland buffers (distance from 
water), ecotone buffers for forest-crop edge or grass-crop edge, and core areas for forest 
interiors and large grassland blocks.  These data layers were all derived from the land 
cover v2.3 (30 m resolution).  Soil data layers were also incorporated into those models  
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using selected soil types for habitat affinities, such as certain reptile species requiring 
sandy soils.  A complete list of all ancillary data layers and their descriptions are in 
Appendix B.1. 
 
Layer Description 
land cover 29 cover types 
    
Hydrology   
lake buffer lakes buffered 120 meters 
stream order buffer buffer width based on stream order 
wetlands buffer herbaceous and shrubland wetlands 
buffered 120 meters 
all wetlands buffer all wetlands buffered 120 meters 
all water buffer merge of lake buffer and water 
buffer to get all open water 
    
Ecotones   
forest/crop intersection of forest and crop 
classes, each buffered 90 meters 
forest/grass intersection of forest and grass 
classes, each buffered 90 meters 
crop/grass intersection of crop and grass 
classes, each buffered 90 meters 
    
Core Areas   
Grass grass classes shrunk in 60 meters 
Forest forest classes shrunk in 60 meters 
    
Miscellaneous   
rocky outcrops Soil values in attribute Muname 
indicating rocks 
sandy soils Soil values in attribute Textsurhor 
indicating sand 
gravely soils Soil values in attribute Textsurhor 
indicating gravel 
highways buffer width based on road type  
west aspect elevation derived values 
corresponding to SW, W, and NW 
south aspect elevation derived values 
corresponding to SE, S, and SW 
 
Table 3.1. GIS coverages used in the animal species modeling process.  See the metadata 
accompanying the digital data for more complete descriptions. 
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Calculating Richness 
Richness sums were calculated by overlaying each species’ predicted distribution with 
the hexagon layer; if any amount of habitat was predicted within a hexagon, the species 
was coded as present (1) for that hexagon.  Total richness was calculated by summing all 
GRIDs and calculated taxa richness by summing GRIDs for individual taxa.  In effect, 
this extended the hexagon distributions because predicted habitat was allowed to extend 
slightly beyond hexagon boundaries.  Thus, when predicted habitat is in turn used to 
populate hexagons, a species’ range is stretched past the original hexagon range limits.  
Species richness was calculated at the end of the modeling process rather than at the 
beginning. 
 
Results 
 
The distributions of 288 terrestrial vertebrate species were predicted, including 21 
amphibians, 44 reptiles, 53 mammals, and 170 birds.  Subsequent analyses are based on 
the 288 terrestrial vertebrate species modeled.  Because 59% of the native terrestrial 
vertebrate models were birds (170/288), results of the avian modeling process heavily 
influenced total richness numbers either by hexagon or pixel per hexagon.  The 
distribution of species per hexagon peaks between 182 and 185 species per hexagon, with 
another lower peak found at 203 species per hexagon (see Figure 3.3). 
 
Geographic patterns of species richness generally suggest higher diversity in the eastern 
portion of the state, with the lowest diversity found in regions where farming is 
predominately intense row cropping in north central and northwest Iowa (see Figure 3.4).  
Greater species diversity occurred in the most heavily forested counties in northeastern 
Iowa, and along the major streams and rivers associated with the Mississippi River 
system. Grasslands in south central Iowa and in the Loess Hills Region also showed 
greater diversity across taxa.  
 
Land cover types with the most number of species (all taxa) predicted were cool-season 
grass (168), mixed evergreen/deciduous woodland (164), upland deciduous woodland 
(163), and warm-season grass/perennial forb (162).  Grassland with sparse shrubs and 
trees also had a large number of species predicted (156) (See Appendix B.5).  Cool 
season grass, aside from cropland, dominates the landscape in Iowa.  Associations with 
water, permanent wetlands, or riparian land cover were established for 292 species (open 
water: 99; permanent wetland:103; and semi-permanent wetland:90).  Woodland cover 
types had the most species diversity in both the upland deciduous and mixed 
evergreen/deciduous types, compared to the forest counterpart classes.  This may mean 
that more species generally favor more open canopy cover (woodland criteria was <75% 
canopy cover, while forest criteria was >75% canopy cover). 
 
Total predicted (all taxa) richness of native terrestrial vertebrates within hexagons ranged 
from 159 to 228, with a mean of 192 and a standard deviation of 15 (see Figure 3.5). 
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Figure 3.3.  Frequency distribution of species richness for 288 native terrestrial 
vertebrates within 265 equal-area hexagons across Iowa. 
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Figure 3.4.  Predicted distribution of total native terrestrial vertebrate richness by 
hexagon for Iowa. 
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Figure 3.5.  Predicted terrestrial vertebrate richness for Iowa (number of species per 
hexagon).  Range is 159-228 out of 288 species modeled. 
 
Predicted mammal richness is represented in Figure 3.6.  Species per hexagon ranged 
from 41 to 50; the percent of mammals per hexagon ranged from 77 to 94 for all 
mammals modeled.  The highest predicted diversities were in artificial/high vegetation 
(40), cool season grass (37) and upland deciduous forest (37).  Thirty-six mammal 
species were found in upland deciduous woodland, upland shrub, and warm season 
grass/perennial forbs (see Appendix B.5).  Mammal richness is greatest in the southwest 
and central portions of the state.  Mammals represented 18% of the vertebrate species 
modeled (53/288). 
 
Avian richness ranged from 100 to 136 species per hexagon, which is 59% to 80% of the 
birds modeled (see Figure 3.6).  Patterns of bird richness indicated greater concentrations 
along all major river systems and their tributaries, where woodland and forest cover types 
are concentrated (see Appendix B.5).  The next highest avian richness occurred in 
grassland cover types.  Birds represented 59% (170/288) of all vertebrates modeled. 
 
Amphibian richness ranged from 5 to 17 species per hexagon, out of a total of 21 species 
modeled (see Figure 3.7).  This represents 24% to 81% of the amphibians modeled.  
Amphibian richness distributions were highest along the two major river systems 
(Mississippi and Missouri Rivers) and their tributaries.  Open water, permanently flooded 
wetland, saturated wetland, and semi-permanently flooded wetland had the highest 
amphibian species richness (20, 18, 18, and 18 species, respectively).  Amphibians 
represented 7% (21/288) of all vertebrates modeled. 
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Reptile richness ranged from 9 to 37 species per hexagon, which is 20% to 84% of the 44 
reptile species modeled (see Figure 3.7).  Reptile richness distribution was similar to that 
of amphibians.  Grassland had the greatest number of reptile species per hexagon, with 
cool season grass, warm season grass/perennial forb and grassland with sparse shrubs and 
trees having 32, 31, and 31 species, respectively.  Woodland also had high reptile species 
richness values (see Appendix B.5).  Reptiles represented 15% of the vertebrate species 
modeled (44/288). 
 
Species Richness Application 
GAP has often been associated with the mapping of species-rich areas or "hotspots."  
Richness maps identify the co-occurrence of species in the same geographic location.  In 
the case of the Iowa data, where numbers of animal species are mapped for the same 
hexagon cell, the cells are shaded in intensity from the highest numbers of co-occurrence 
(richness), to the lowest (see Figure 3.4).  Although this useful pattern analysis was 
performed, it is only one of many that may be conducted using the data.  Richest areas 
may or may not indicate best conservation opportunities; they may occur in already 
protected areas or may represent already protected species or those not at risk.  Still, it is 
often a useful starting point to examine conservation opportunities in combination with 
other analyses described in this report's Introduction and in the Analysis section.  It is 
also felt they may be useful for other rewarding applications such as identifying places of 
interest for wildlife observation and study.  Certainly, finding “gaps” in species diversity 
can be a research endeavor of conservation biology. 
 
In addition to richness predictions by hexagon, richness was calculated for each 30-meter 
grid cell (pixel) in the state.  As might be expected, the range of species per cell was 
different than for the hexagons, due to the smaller areal size of the aggregation unit (see 
Figure 3.8).  For the 30 m cell, totals varied from 1 to 142 species; for the 635km2 
hexagon, totals ranged from 159 to 228 species.  The mean number of species per cell 
was 42  30 SD whereas the mean number of species per hexagon was 192  15 SD.  It is 
easy to see that the larger area of the hexagon provides more chance that high richness 
cells will be included.  It has already been mentioned that riparian areas are generally 
species rich locations; inclusion of a riparian area in a particular hexagon will skew the 
total richness upwards.  The patterns of richness at the 30-meter cell scale emphasize the 
generalization that happens when summarizing richness by hexagon (see Figure 3.9). 
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Figure 3.6.  Mammal and avian richness by hexagon for Iowa.
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Figure 3.7.  Amphibian and reptile richness by hexagon for Iowa. 
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Figure 3.8.  Frequency distribution of species richness for 288 native terrestrial 
vertebrates within 30-meter grid cells. 
 
 
 
Figure 3.9.  Patterns of native terrestrial vertebrate richness underlying total richness 
values per hexagon. 
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Accuracy Assessment 
 
Assessing the accuracy of the predicted vertebrate distributions is subject to many of the 
same problems as assessing land cover maps, as well as a host of more serious challenges 
related to both the behavioral aspects of species and the logistics of detecting them. These 
are described further in the Background section of the GAP Handbook on the national 
GAP home page (http://www.gap.uidaho.edu/).  It is, however, necessary to provide 
some measure of confidence in the results of the gap analysis for species collectively, if 
not individually or by taxonomic group (comparison to stewardship and management 
status), and to allow users to judge the suitability of the distribution maps for their own 
uses. It is important to provide users with a statement about the accuracy of GAP-
predicted vertebrate distributions within the limitations of available resources and 
practicalities of such an endeavor. It is acknowledged that distribution maps are never 
finished products but are continually updated as new information is gathered. This 
reflects not only an improvement over the modeling process, but also the opportunity to 
map true changes in species distributions over time.  
 
The goal was to produce maps that predict distribution of terrestrial vertebrates and from 
that, total species richness and species content with an accuracy of 80% or higher. The 
Iowa GAP Project did not conduct an accuracy assessment for the vertebrate habitat 
modeling process.  While recognizing the importance of providing users accurate maps of 
predicted species distributions, additional vertebrate species data was lacking and 
resources to conduct such an assessment within the time frame of this project.  Other state 
GAP projects have conducted various accuracy assessments of their vertebrate modeling, 
either setting aside additional vertebrate species data or conducting a separate research 
project to collect field data for the specific purpose of checking the accuracy of their 
predicted distributions.  Although National GAP strongly recommends accuracy 
assessments, they recognize the limitations and problems with such assessments (having 
enough existing data on vertebrate species and funding to conduct the assessment). 
 
Future research using the predicted vertebrate species distributions should be directed 
toward conducting accuracy assessments of these maps.  Data from the Iowa Department 
of Natural Resources Frog and Toad Call Surveys was retained, conducted over a ten-
year period, for the purpose of accuracy assessment.  These data could be used to test the 
predictions of amphibian distributions on a statewide scale.  This type of data has been 
used by other states to assess current status on a local and regional basis (Knutson et al, 
2000).  Other approaches to assessing the accuracy of GAP vertebrate distributions might 
include using local or regional species checklists to validate predicted species 
occurrences.  Despite the limitations, this approach can yield the most cost-efficient and 
straightforward way to measure and test the accuracy of vertebrate models.  But, the only 
way to truly assess the performance of the models is by thorough and systematic field 
surveys. 
 
Considering the issue of scale, we feel confident that our models performed reasonably 
well for Iowa land cover types.  GAP vertebrate predictions are a coarse-scale modeling 
process, driven by the resolution of the satellite imagery.  At a 30-meter resolution, large 
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habitat types work best within the model for a species habitat association, while smaller 
or fragmented habitat (much like Iowa’s landscape matrix) model performance is likely 
to be more uncertain. With this coarse-scale model approach, errors of commission will 
be more common than errors of omission.  In other words, over estimation of a species 
distribution is more likely. 
 
Limitations and Discussion 
 
The predicted distributions are based on a current synthesis of information pertaining to 
288 terrestrial vertebrates in Iowa.  The scale at which these models were processed 
(30m) represents the first time any such vertebrate mapping has been conducted for the 
entire state.  Despite the coarse-scale modeling, our models reflect the best status of 
vertebrate species.  Resolution cannot always guarantee accuracy and accuracy of these 
predicted distributions is not easy to determine.  We recognize the probability of 
commission errors over omission type errors.  This means that the models were more 
likely to over-predict species distributions than to under-predict them.  In the context of 
management decisions, this is desirable for the same reason that Type I statistical errors 
are more serious than Type II errors.  Failure to predict a species’ presence in an area 
where it actually occurs may create potential for inadvertent harm if land-use decisions 
are then made without that species in mind. If, however, a species is predicted to occur 
where it has never been reported, it is more likely that the species will be targeted in 
future surveys and also considered in subsequent land-use decisions.  This can lead to a 
more comprehensive and effective conservation effort. 
 
The most general limitations of the modeling approach relate to species-habitat 
relationships.  For some species, habitat associations are not well defined because of lack 
of study; others have been well studied, but perhaps not in Iowa specifically.  Still others 
have been well studied within the state or region, but habitat associations could not 
always be well represented within our GIS model.  Some habitat features could not be 
included in the modeling process, either because they were not available as GIS layers, or 
because their scale was too fine or too coarse.  For example, forest structure and presence 
of snags or cavities, and microhabitats such as seeps, springs, caves, and buildings (bats 
that need abandoned buildings as roosting locations).  Human disturbance factors were 
not assessed; their absence may have led to over-predicted distributions in some cases.  
Although consideration of human disturbance is not a part of the GAP approach, which 
focuses on predicted habitat, a number of species are undoubtedly limited by such 
factors. Additional data layers can be used for a more holistic conservation analyses. 
 
All of the preceding limitations must be recognized so that additional studies can be 
implemented to supplement GAP.  Understanding these limitations allow the users of 
GAP products to know the extent of the accuracy and precision of the species’ 
distribution maps.  GAP is a coarse-scale baseline approach to biodiversity assessment 
and conservation.  Predicted distributions of vertebrate species represent a snapshot in 
time based on the dates of the imagery used, therefore, GAP products will need to be 
updated to reflect changes in distributions and refine status of the maps. 
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GAP strives to recognize those sites of high biodiversity value for long-term maintenance 
of populations of native vertebrate species before they become critically rare (keeping 
common species common).  This is a proactive approach, staving off any additional 
listing of imperiled species, and helping to reduce the rate at which threatened and 
endangered species are listed.  GAP should not be a substitute for threatened and 
endangered species listing and recovery projects.  Species that are presently threatened 
and endangered still need individual efforts to assure their recovery success. 
 
GAP can provide a rapid assessment of the habitat associations and their vertebrate 
species that live there.  It is not meant to be a tool for national or state biological 
inventories.  Rather, GAP products can provide the data to aid local, regional, and 
national efforts to maintain biodiversity before it’s gone.  The process of improving our 
knowledge base in systematics, taxonomy, and species distributions is time consuming 
and expensive to conduct.  That process should be encouraged and continued so as to 
provide the needed information about species biodiversity nationwide.  GAP vertebrate 
distribution maps can provide a starting point for continuing such endeavors. 
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Chapter 4 
LAND STEWARDSHIP 
 
Introduction 
To fulfill the analytical mission of GAP, it is necessary to compare the mapped 
distribution of elements of biodiversity with their representation in different categories of 
land ownership and management. As will be explained in the ‘Analysis Based on 
Stewardship and Management Status’ section, these comparisons do not measure 
viability, but are a start to assessing the likelihood of future threat to a biotic element 
through habitat conversion--the primary cause of biodiversity decline. We use the term 
"stewardship" in place of "ownership" in recognition that legal ownership does not 
necessarily equate to the entity charged with management of the resource, and that the 
mix of ownership and managing entities is a complex and rapidly changing condition not 
suitably mapped by GAP.  At the same time, it is necessary to distinguish between 
stewardship and management status in that a single category of land stewardship such as 
a state forest may contain several degrees of management for biodiversity. 
 
The purpose of comparing biotic distribution with stewardship is to provide a method by 
which land stewards can assess their relative amount of responsibility for the 
management of a species or plant community and identify other stewards sharing that 
responsibility. This information can reveal opportunities for cooperative management of 
that resource, which directly supports the primary mission of GAP to provide objective, 
scientific information to decision makers and managers to make informed decisions 
regarding biodiversity. It also is likely that a steward that has previously borne the major 
responsibility for managing a species may, through such analyses, identify a more 
equitable distribution of that responsibility. We emphasize, however, that GAP only 
identifies private land as a homogeneous category and does not differentiate individual 
tracts or owners, unless the information was provided voluntarily to recognize a long-
term commitment to biodiversity maintenance or influenced by an easement that conveys 
conservation related goals. 
 
After comparison to stewardship it is also necessary to compare biotic occurrence to 
categories of management status. The purpose of this comparison is to identify the need 
for change in management status for the distribution of individual elements or areas 
containing high degrees of diversity. Such changes can be accomplished in many ways 
that do not affect the stewardship status. While it will eventually be desirable to identify 
specific management practices for each tract, and whether they are beneficial or harmful 
to each element, GAP currently uses a scale of 1 to 4 to denote relative degree of 
maintenance of biodiversity for each tract. A status of "1" denotes the highest, most 
permanent level of management, and "4" represents the lowest level of biodiversity 
management, or unknown status. This is a highly subjective area and one that may not 
properly represent the role of private lands within Iowa but was used to maintain 
consistency throughout the GAP program. Several principles were used to determine 
status. Our first principle is that land ownership is not the primary determinant in 
assigning status. The second principle is that while data are imperfect, and all land is 
subject to changes in ownership and management, we can use the intent of a land steward 
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as evidenced by legal and institutional factors to assign status. In other words, if a land 
steward institutes a program backed by legal and institutional arrangements that are 
intended for permanent biodiversity maintenance, we use that as the guide for assigning 
status. 
 
The characteristics used to determine status are as follows: 
 
 Permanence of protection from conversion of natural land cover to unnatural (human-
induced barren, exotic-dominated, arrested succession). 
 Relative amount of the tract managed for natural cover. 
 Inclusiveness of the management, i.e., single feature or species versus all biota. 
 Type and degree of management that it is mandated through legal and institutional 
arrangements. 
 
The four status categories can generally be defined as follows (after Scott et al. 1993, 
Edwards et al. 1995, Crist et al. 1995): 
 
Status 1: An area having permanent protection from conversion of natural land cover and 
a mandated management plan in operation to maintain a natural state within which 
disturbance events (of natural type, frequency, and intensity) are allowed to proceed 
without interference or are mimicked through management. 
 
Status 2: An area having permanent protection from conversion of natural land cover and 
a mandated management plan in operation to maintain a primarily natural state, but which 
may receive use or management practices that degrade the quality of existing natural 
communities. 
 
Status 3: An area having permanent protection from conversion of natural land cover for 
the majority of the area, but subject to extractive uses of either a broad, low-intensity type 
or localized intense type. It also confers protection to federally listed endangered and 
threatened species throughout the area. 
 
Status 4: Lack of irrevocable easement or mandate to prevent conversion of natural 
habitat types to anthropogenic habitat types. Allows for intensive use throughout the 
tract. Also includes those tracts for which the existence of such restrictions or sufficient 
information to establish a higher status is unknown. 
 
Mapping Standards 
The IA-GAP stewardship component involved obtaining land tract information from the 
major conservation entities throughout the state. This effort included the acquisition and 
delineation of boundaries, attributing the mapped units with the correct owner/manager 
information, and assigning each tract with a biodiversity management code. A concerted 
effort was given to obtaining information from all federal, state and local public lands, 
and publicly available private lands information. While many of Iowa’s individual 
properties may be less than the GAP minimum mapping unit of 100 hectares we felt it 
was important to attempt to catalog all managed properties. A comprehensive catalog of 
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properties was desired because in many cases individually mapped parcels create larger 
complexes consisting of a mix of stewardship and management scope. Additionally 
because of recent farm programs within the last couple of years parcels that were not 
contiguous have been connected. Not only have programs like the USDA wetland reserve 
program (WRP) and emergency wetlands reserve program (EWRP) contributed to the 
overall increase in areas potentially managed for biodiversity but have increased 
connectivity of previously non-contiguous parcels.  Similarly, programs like the U.S Fish 
and Wildlife Service waterfowl production areas (WPA) have contributed to the ability to 
create larger complexes managed for a wide range of species. 
 
Methods 
 
Stewardship Mapping: 
 
The IA-GAP stewardship layer was created from a variety of source materials from over 
100 different agencies. Table 4.1 includes an overview of the agency and the source of 
data used to compile the stewardship database and Figure 4.1 provides an overview of 
lands mapped according to managing agency. 
 
Table 4.1.  Source and scale of data added to the Iowa stewardship database. 
 
Data Source Format Scale 
Army Corps of Engineers-
Wildlife Management Areas, 
Forest Reserves, Refuges, 
Reservoirs, Pools and 
Easements 
 
Army Corps of Engineers 
   Omaha District, Rock Island District, 
St. Paul District 
USGS 
 
County Auditors 
Iowa Department of Natural Resources 
 
Arc coverage 
 
7.5’ DRG 
Orthophotos 
County Auditor Plats 
Shapefile 
 
1:12000 
1:24000 
1:24000 
1:12000 
1:24000 
County Conservation Board 
(99 separate agencies) 
Individual CCBs 
 
 
 
 
Iowa Department of Natural Resources 
FSA Aerial Photos 
Shapefile 
DOQQ 
7.5’ DRG   
County Auditor Plats 
Shapefile 
1:20000 
1:24000 
1:24000 
1:24000 
1:12000 
1:24000 
Iowa Department of Natural 
Resources-State Parks, 
Preserves, Wildlife 
Management Areas 
Iowa Department of Natural Resources Shapefile 1:24000 
Iowa Department of 
Transportation 
Iowa Department of Natural Resources Arc coverage 1:24000 
Iowa Natural Heritage 
Foundation 
Iowa Natural Heritage Foundation Shapefile 1:24000 
National Park Service Iowa Department of Natural Resources Arc coverage 1:24000 
Natural Resources 
Conservation Service- 
EWRP, WRP, CRP 
Natural Resources Conservation 
Service / Iowa Department of Natural 
Resources 
Individual CCBs 
Shapefile  
 
 
See Individual CCBs 
1:24000 
1:24000 
State Preserves Iowa Department of Natural Resources Shapefile 1:24000 
The Nature Conservancy The Nature Conservancy Shapefile 1:24000 
U.S. Fish and Wildlife U.S. Fish and Wildlife Service Arc coverage 1:24000 
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Service-Refuges, Easements 
and Waterfowl Production 
Areas 
 
Iowa Department of Natural Resources 
Army Corps of Engineers 
 
Shapefile 
FSA Aerial Photo 
Shapefile 
Arc coverage 
1:24000 
1:20000 
1:24000 
1:12000 
 
Federal lands 
The U.S. Army Corps of Engineers (ACE) owns, manages, leases or has easements on 
large amounts of land along the Mississippi and Missouri Rivers, and a number of 
reservoirs dispersed throughout the state.  Three different ACE offices serve Iowa. The 
ACE-Rock Island District supplied IA-GAP with a number of Arc coverages that covered 
Pools 9-19 along the Mississippi River.  Additional Arc coverages were obtained that 
included Red Rock, Coralville and Saylorville Reservoirs. Data for the Mississippi River 
Pools were tiled and edge-matched in ArcInfo and re-projected to UTM Zone 15 NAD83.  
The coverage was then clipped to a state boundary coverage supplied by the Iowa 
Department of Natural Resources. This clipped layer was used as a base layer to delineate 
ownership and management boundaries. Digital orthophotos and 7.5’ DRGs were used as 
background images to check the accuracy of the outer ACE/FWS boundary in the 
coverage. In some cases the original data appeared to have been digitized inconsistently, 
registered incorrectly or had polygons that collapsed during processing. Boundaries were 
corrected to delineated federal boundaries on the 7.5’ DRGs where appropriate.  
 
Additional information was obtained from the county auditor’s office in a number of 
counties where discrepancies appeared between the 7.5’ DRGs and the ACE coverages. 
Attributes in the original coverage were used to attribute owner, manager and unit 
information.  Reservoir boundaries were also checked against 7.5’ DRGs and orthophotos 
and corrected to section and fence boundaries where appropriate through an on screen 
digitizing process. Additional attribution of the stewardship layer was done using 
attributes from the original ACE coverage, information from the Iowa Department of 
Natural Resources and information from the USFWS. The ACE-Omaha District supplied 
IA-GAP with an Arc coverage that included realty they have jurisdiction over along the 
Missouri River. The coverage was reprojected to UTM Zone 15, NAD83 then compared 
to 7.5’ DRGs, and orthophotos, and then attributed using the attributes contained within 
the ACE coverage and Iowa Department of Natural Resources wildlife management 
information. The Iowa Department of Natural Resources created an ArcView shapefile of 
Rathbun Reservoir and supplied it to IA-GAP. This data was already attributed with 
stewardship information. The shapefile was converted to an Arc coverage prior to 
merging it with other federal land layers.  
 
Data identifying parcels under the jurisdiction of the Fish and Wildlife Service (FWS) 
were obtained from a variety of sources.  Data supplied by the Army Corps of Engineers 
was the primary source of information for stewardship information along the Mississippi 
River corridor.  The same procedure used to reconcile ACE lands along the Mississippi 
River was done with FWS areas; parcels from the ACE coverage were compared to 7.5’ 
DRGs to ensure the spatial accuracy.  Desoto NWR, Neal Smith NWR, and Union 
Slough NWR were obtained directly from the Region 3 FWS Office in the form of 
ArcInfo coverages. Information for the Driftless Area NWR was obtained on FSA aerial 
photos, registered to orthophotos and digitized on-screen.  The Iowa Department of 
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Natural Resources also maintains a database of FWS Waterfowl Production Areas 
(WPA) and FWS No Drainage Easements that were included in the stewardship layer. 
 
In cooperation with the Iowa Department of Natural Resources, the Natural Resources 
Conservation Service compiled a GIS dataset that included private lands that were under 
an NRCS Wetland Reserve Program (WRP), Emergency Wetlands Reserve Program 
(EWRP) easement or a designated USFWS Waterfowl Production Area (WPA).  The 
WPA and EWRP coverage was obtained from the NRCS, and the WPA data was 
obtained through the IDNR, each was edge matched to the other datasets. 
 
State lands  
The Iowa Department of Natural Resources maintains and periodically updates an 
ArcInfo coverage of property they own and manage.  The coverage was reprojected to 
UTM Zone 15 NAD 83 then checked for accuracy against 7.5’ DRGs and orthophotos. If 
necessary the parcel boundaries were adjusted to fencerows and section lines.  
Stewardship attribution was done by reconciling lists of IDNR state parks, recreation 
areas and wildlife management areas with the mapped parcels. 
 
County and local lands 
The County Conservation Board system in Iowa is comprised of 99 separate boards that 
manage a variety of conservation and recreational lands and represent a major 
stakeholder in biodiversity management within the state. There was no single source to 
obtain ownership and management information.  At the beginning of Iowa-GAP, a 
request was sent to counties to submit parcel information outlined on 7.5’ topographic 
maps or copies of Farm Service Agency (FSA) 9”x 9” photos.  Boundaries that were 
submitted were registered to orthophotos and digitized on-screen. Owner and 
management attributes were done using additional data provided by individual counties. 
In some instances, information was not submitted by a county and was obtained from plat 
information available through the county auditor’s office.  Information pertaining to 
property managed by the county but owned by the Iowa Department of Natural 
Resources came from the Iowa Department of Natural Resources. 
 
Private and local land trust lands 
The Nature Conservancy supplied an ArcView shapefile containing boundaries for 
property they own or for which they have conservation easements.  Areas contiguous 
with other previously mapped parcels were edge matched.  Only one major land trust 
organization was identified for the Iowa GAP project.  The Iowa Natural Heritage 
Foundation (INHF) provided an ArcView shapefile of property that is owned by them or 
has a permanent conservation easement.  In a similar manner to TNC properties, areas 
were edge matched and added to the main stewardship database. 
 
Management Status Categorization:  
 
One of the secondary goals of the IA-GAP program was to compile a comprehensive 
stewardship database for the state.  
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Prior to attributing each area with a status code each area was attributed with yes, no, 
intent or unknown for each of the following categories:  managed for biodiversity, 
protected, management plan, allows disturbance events. Using these criteria the 
dichotomous key described in the GAP Handbook was used to categorize each parcel 
(Crist et al. 2000). Figure 4.2 shows the key, in a flow chart format, used to classify 
parcels.  Figure 4.3 provides an overview of land categorized by GAP status code. At the 
time the stewardship database was being developed no known management plans existed 
for potential status 1 and 2 areas. Since no management plans were known an agency’s 
management intent was used as the basis for classifying an area as 1 or 2.
Figure 4.1
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 Figure 4.2. Flow chart of the dichotomous key used to assign GAP status codes. 
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Results 
 
Public lands make up approximately 2.10 % of Iowa, with 1.14 % under state, 0.54 % 
under federal and 0.42 % under county or local government jurisdiction. State lands 
jurisdiction is mainly under the Iowa Department of Natural Resources (IDNR). Federal 
lands are split primarily between the jurisdiction of the U.S. Fish and Wildlife Service 
and the U.S. Army Corp of Engineers.  Private land makes up the majority of land (97.90 
%) in Iowa. Private lands managed for biodiversity make up approximately 0.29 %, 
which are areas managed by The Nature Conservancy, Iowa Natural Heritage Foundation 
(local land trust) and private individuals with WRP, EWRP or WPA easements on their 
property. Also included in this designation are private lands with an Army Corps of 
Engineers perpetual flow easement. 
 
Lands with a status of 1 or 2 represent 0.05% of Iowa. Status 1 and 2 lands are scattered 
widely throughout Iowa with no primary stakeholders.  Lands of this status fall under the 
jurisdiction of federal, state, local government and private entities. 
 
Status 3 lands make up 0.61 % of land in Iowa and include federal, state, local and 
privately managed property. The bulk of status 3 lands are managed as National Wildlife 
Refuges by the Fish and Wildlife Service, wildlife areas by the Iowa Department of 
Natural Resources, and conservation areas within the County Conservation Board system. 
Private lands with NRCS WRP easements also fall within this category. 
 
Status 4 lands make up approximately 99.34 % of land in Iowa and include federal, state, 
local or privately managed property. The majority (97.61 %) of land falling into the status 
4 category is managed by private individuals and has no known restrictions. The 
remaining land (1.74 %) is managed by a variety of federal, state, local and private 
entities. Much of this is managed by the Iowa Department of Natural Resources as state 
parks or wildlife areas. 
 
The following tables present summary statistics of area representation of stewardship and 
management categories in the state. We begin by making a comparison of various 
stewardship categories in management status categories. Table 4.2 provides information 
on the proportional make-up of management status categories by stewardship and vice-
versa, so that land stewards can see to what degree their lands generally contribute to 
biodiversity maintenance.
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Table 4.2. Area and percent (%) of land stewardship categories by management status in Iowa. 
 Status 1 Status 2 Status 3 Status 4 Total 
Land Stewardship Category ha % ha % ha % ha % ha % 
FEDERAL            
National Park Service (Total) 
  National Monument 
0 
0 
0.000 
0.000 
524 
524 
0.004 
0.004 
0 
0 
0.000 
0.000 
0 
0 
0.000 
0.000 
524 
524 
0.004 
0.004 
U.S. Army Corps of Engineers (Total) 
  Managed Area 
0 
0 
0.000 
0.000 
0 
0 
0.000 
0.000 
0 
0 
0.000 
0.000 
44,976 
44,976 
0.309 
0.309 
44,976 
44,976 
0.309 
0.309 
U.S. Fish and Wildlife Service (Total) 
  National Wildlife Refuge 
  Managed Area 
  Managed Area w/ WRP Easement 
0 
0 
0 
0 
0.000 
0.000 
0.000 
0.000 
250 
250 
0 
0 
0.002 
0.002 
0.000 
0.000 
32,456 
29,643 
0 
2,813 
0.223 
0.203 
0.000 
0.019 
684 
323 
361 
0 
0.005 
0.002 
0.002 
0.000 
33,391 
30,216 
361 
2,813 
0.229 
0.208 
0.002 
0.019 
Total Federal Lands 0 0.000 774 0.006 32,456 0.223 45,660 0.314 78,891 0.542 
STATE           
Iowa Department of Natural Resources (Total) 
  State Park or Recreation Area 
  State Preserve 
  Wildlife Area 
  Water 
0 
0 
0 
0 
0 
0.000 
0.000 
0.000 
0.000 
0.000 
422 
0 
0 
422 
0 
0.003 
0.000 
0.000 
0.003 
0.000 
14,405 
0 
1,742 
12,663 
0 
0.099 
0.000 
0.012 
0.085 
0.000 
150,828 
25,682 
652 
114,658 
9,835 
1.035 
0.176 
0.004 
0.787 
0.068 
165,654 
25,682 
2,394 
127,742 
9,835 
1.137 
0.176 
0.017 
0.883 
0.068 
Iowa Department of Transportation (Total) 
  Managed Area 
0 
0 
0.000 
0.000 
0 
0 
0.000 
0.000 
0 
0 
0.000 
0.000 
11 
11 
<0.001 
<0.001 
11 
11 
<0.001 
<0.001 
State University (Total) 
  Managed Area 
  State Preserve 
0 
0 
0 
0.000 
0.000 
0.000 
0 
0 
0 
0.000 
0.000 
0.000 
12 
0 
12 
<0.001 
0.000 
<0.001 
124 
124 
0 
0.001 
0.001 
0.000 
136 
124 
11 
0.001 
0.001 
<0.001 
State Land (Total) 
  State Preserve 
0 
0 
0.000 
0.000 
0 
0 
0.000 
0.000 
0 
0 
0.000 
0.000 
18 
18 
<0.001 
<0.001 
18 
18 
<0.001 
<0.001 
Total State Lands 0 0.000 422 0.003 14,417 0.099 150,981 1.036 165,819 1.138 
LOCAL           
County Conservation Board (Total) 
  County Park or Wildlife Area 
  Manage Area w/ WRP easement 
  Managed Area w/FWS no drainage easement 
  Managed Area w/CRP easement 
  State Preserve 
579 
284 
278 
0 
0 
17 
0.004 
0.002 
0.002 
0.000 
0.000 
<0.001 
1648 
169 
1405 
0 
0 
74 
0.011 
0.001 
0.010 
0.000 
0.000 
0.001 
20,843 
17,390 
2,666 
16 
68 
702 
0.143 
0.119 
0.018 
<0.001 
<0.001 
0.005 
37,660 
37,391 
15 
0 
0 
253 
0.258 
0.257 
<0.001 
0.000 
0.000 
0.002 
60,731 
55,235 
4,364 
16 
68 
1,046 
0.417 
0.382 
0.030 
<0.001 
<0.001 
0.007 
Local Government (Total) 
  Managed Area 
  Managed Area w/ WRP easement 
0 
0 
0 
0.000 
0.000 
0.000 
0 
0 
0 
0.000 
0.000 
0.000 
16 
0 
16 
<0.001 
0.000 
<0.001 
0 
12 
0 
0.000 
<0.001 
0.000 
28 
12 
16 
<0.001 
<0.001 
<0.001 
Municipal Government (Total) 
  Managed Area 
  Managed Area w/ WRP easement 
  State Preserve 
0 
0 
0 
0 
0.000 
0.000 
0.000 
0.000 
0 
0 
0 
0 
0.000 
0.000 
0.000 
0.000 
48 
0 
22 
26 
<0.001 
0.000 
<0.001 
<0.001 
597 
596 
0 
1 
0.004 
0.004 
0.000 
<0.001 
646 
596 
22 
27 
0.004 
0.004 
<0.001 
<0.001 
Total Local Lands 579 0.004 1648 0.011 20,907 0.143 38,257 0.262 61405 0.421 
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Table 4.2 continued. Area and percent (%) of land stewardship categories by management status in Iowa. 
 Status 1 Status 2 Status 3 Status 4 Total 
Land Stewardship Category ha % ha % ha % ha % ha % 
PRIVATE           
Local Land Trust (Total) 
  Preserve 
989 
989 
0.007 
0.007 
0 
0 
0.000 
0.000 
259 
259 
0.002 
0.002 
13 
13 
<0.001 
<0.001 
1,262 
1,262 
0.009 
0.009 
Private (Total) 
  Managed Area 
  Managed Area w/ ACE easement 
  Managed Area w/ FWS no drainage easement 
  Managed Area w/ WRP easement 
  Private w/ no known restrictions 
  State Preserve 
0 
0 
0 
0 
0 
0 
0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 
0 
0 
0 
0 
0 
0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
20,887 
0 
0 
1,096 
19,708 
0 
0 
0.143 
0.000 
0.000 
0.008 
0.136 
0.000 
0.000 
14,240,576 
67 
17,836 
0 
0 
14,222,348 
325 
97.731 
<0.001 
0.122 
0.000 
0.000 
97.606 
0.002 
14,261,380 
67 
17,836 
1,096 
19,708 
14,222,348 
325 
97.875 
<0.001 
0.123 
0.008 
0.136 
97.590 
0.002 
The Nature Conservancy (Total) 
  State Preserve 
  TNC Preserve 
  TNC Easement 
  TNC Management Agreement 
2,265 
30 
1,765 
438 
32 
0.016 
<0.001 
0.012 
0.003 
<0.001 
0 
0 
0 
0 
0 
0.000 
0.000 
0.000 
0.000 
0.000 
13 
0 
0 
13 
0 
<0.001 
0.000 
0.000 
<0.001 
0.000 
8 
0 
8 
0 
0 
<0.001 
0.000 
<0.001 
0.000 
0.000 
2,286 
30 
1,773 
451 
32 
0.016 
<0.001 
0.012 
0.003 
<0.001 
Total Private Lands 3,254 0.023 0 0.000 21,159 0.145 14,240,597 97.731 14,264,928 97.900 
Total All Lands 3,833 0.027 2,844 0.020 88,939 0.610 14,475,495 99.343 14,571,043 100.000 
           
 
 
 
Figure 4.3 
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Limitations and Discussion 
This map is a compilation of ownership maps provided by a variety of sources that are 
individually responsible for their accuracy. It was created solely for the purpose of 
conducting the analyses described in this report and is not suitable for locating 
boundaries on the ground or determining precise area measurements of individual tracts.  
 
IA-GAP made a reasonable effort to obtain accurate boundary and attribute information 
for all areas represented in the IA-GAP stewardship database.  Several difficulties were 
encountered while compiling this information including cooperation of agencies 
identified as having information to contribute, availability of existing data at a variety of 
scales, and changes due to time of acquisition.  
 
Edge matching boundaries of different data sources in most cases was not a problem.  
However in some cases there were discrepancies between stated owner and manager. 
This was most evident with areas along the Mississippi River corridor.  The Fish and 
Wildlife Service (FWS), Army Corps of Engineers (ACE) and the Iowa Department of 
Natural Resources (IDNR) are the primary stewards for lands in this area. The ACE data 
provided the most inclusive documentation of land along the Mississippi River and was 
supplemented by more recent data from FWS and IDNR.  Data available from the IDNR 
had been generated recently from internal real estate documents and was used to 
document parcel inholdings that were not present within the ACE data. Discrepancies 
between county and state owned or managed areas were few and were resolved by 
contacting the appropriate agencies.  
 
The assigning of the GAP status codes can be highly subjective. An attempt was made to 
standardize the coding of this attribute by attributing parcels with information that 
followed the status code key (see Figure 4.2). Despite this method errors may still exist in 
the status coding because of a lack of information or incorrect information from ancillary 
data sources. 
 
Data obtained from individual County Conservation Boards was digitized then sent back 
to the individual counties for review. Corrections, if any, were made to the data set. The 
IDNR data was taken as is. The data obtained was assumed to be correct since it had been 
developed using IDNR realty documents during the same time period as the IA-GAP 
database.  ACE and FWS data was also assumed to be correct except for some 
discrepancies discovered while edge matching IDNR and ACE data.  
 
Data will be discovered that has been omitted from the IA-GAP stewardship database.  
Omitted data may be the result of additional property being acquired after data was 
submitted to IA-GAP, a managing entity not submitting data, or failure of IA-GAP 
recognizing an area as being managed for biodiversity. It was not the intent of the IA-
GAP land stewardship map to be used as a legal document. It was intended for use at the 
landscape scale to identify general stewardship patterns throughout the state.   
 
 
72 
Conclusions 
 
Public lands in Iowa are limited to approximately 2.10 % of the total land area of the 
state. This includes areas managed by the Federal Government, Iowa Department of 
Natural Resources, Iowa Department of Transportation, and the 99 counties that comprise 
the County Conservation Board system. The Iowa Department of Natural Resources 
(IDNR) manages approximately half (1.14%) of the public land in the state.  The 
remaining public land is managed primarily by federal and county agencies scattered 
throughout the state.  
 
With very little public land within the state, the role and relationships between private 
and public land managing entities is important for the long-term management of 
biodiversity in the state. Programs, whether at the state or federal level, that encourage 
private landowners to implement conservation practices directly influence the amount of 
land that supports biodiversity. One example of this is the recent NRCS WRP program 
that over the short period of its funding added over 20,000 hectares throughout the state 
providing the establishment and protection of wildlife habitat. Further discussion and 
analysis of the role that private land ownership takes within the state continues in the next 
chapter. 
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Chapter 5 
ANALYSIS BASED ON STEWARDSHIP AND MANAGEMENT 
STATUS 
 
 
Introduction 
 
This chapter describes the method and results of the gap analysis as used by the Iowa Gap 
Analysis Program.  As described in the general introduction to this report (Chapter 1), the 
primary objective of GAP is to provide information about the distribution and status of 
several elements of biological diversity.  This is accomplished by producing three general 
map layers: 1. land cover (see Chapter 2), 2. predicted distributions for selected animal 
species (see Chapter 3), and 3. land stewardship and management status (see Chapter 4).  
Intersecting the land stewardship and management map layer with the distribution of land 
cover and animal species elements allows one to determine the total area (and proportion) 
of each element in the different land stewardship and management categories.  The data 
are provided below in tables and figures, which illustrate the representation of each 
element in different land stewardship and management categories.  The accompanying 
digital data allow users to make additional queries to suit their own interests or 
objectives.  This forms the basis of GAP’s mission to provide land owners and managers 
with the information necessary to conduct informed policy development, planning, and 
management for the long-term maintenance of biodiversity.  There are many other factors 
that should also be considered in such determinations such as: 
 historic loss or gain in distribution 
 nature of the spatial distribution 
 immediate versus long term risk 
 degree of local adaptation among populations of the biotic elements that are 
worthy of individual conservation consideration 
Such analyses are beyond the scope of this project, but we encourage their application 
coupled with field confirmation of the mapped distributions. 
 
Although GAP “seeks to identify habitat types and species not adequately represented in 
the current network of biodiversity management areas” (Scott and Jennings, 1994), it is 
unrealistic to create a standard definition of "adequate representation" for either land 
cover types or individual species (Noss et al. 1995). A practical solution to this problem 
is to report both percentages and absolute area of each element in biodiversity 
management areas and allow the user to determine which types are adequately 
represented in areas under active management.  We provide a breakdown along four 
levels of representation (<2%, 2-10%, 10-50% and >50%) that have meaning for the 
stewardship situation in Iowa.  The breakdown differs from other states with larger 
percentages of publicly managed land but those divisions would not have shown as clear 
a picture of Iowa’s circumstances. 
 
The network of Conservation Data Centers (CDCs) and Natural Heritage Programs 
(NHPs) established cooperatively by The Nature Conservancy and various state agencies 
maintain detailed databases on the locations of rare elements of biodiversity. GAP 
74 
cooperatively uses these data to develop predicted distributions of potentially suitable 
habitat for these elements, which may be valuable for identifying research needs and 
preliminary considerations for restoration or reintroduction. Conservation of such 
elements, however, is best accomplished through the fine-filter approach of the above 
organizations as described in the introduction. It is not the role of GAP to duplicate or 
disseminate Heritage Program or CDC Element Occurrence Records. Users interested in 
more specific information about the location, status, and ecology of populations of such 
species are directed to their state Heritage Program or CDC.  
 
Currently, land cover types and terrestrial vertebrates are the primary mapping focus of 
GAP; however, other components of biodiversity, such as aquatic organisms, or selected 
groups of invertebrates, may be incorporated into future distributional data sets.  Where 
appropriate, GAP data also may be analyzed to identify the location of a set of areas in 
which most or all land cover types or species are predicted to be represented.  The use of 
“complementarity” analysis, that is, an approach that additively identifies a selection of 
locations that may represent biodiversity rather than “hot spots of species richness” may 
prove most effective for guiding biodiversity maintenance efforts.  Several quantitative 
techniques have been developed that facilitate this process (see Pressey et al., 1993; 
Williams et al., 1996; Csuti et al., 1997; for details).  These areas become candidates for 
field validation and may be incorporated into a system of areas managed for the long-
term maintenance of biological diversity. 
 
Methods 
 
For Iowa GAP, information on the current management status of 29 map labels and 288 
terrestrial vertebrates was derived by intersecting GIS grid layers of land cover types (see 
Chapter 2) and predicted vertebrate distributions (see Chapter 3) with land stewardship 
and management (see Chapter 4).  Using the land cover grid, ArcView 3.2 was used with 
the Spatial Analyst extension command Tabulate Areas to produce one table for the 
stewardship status and one for the stewardship level.  For the vertebrates, ArcView 3.2 
was used with the Spatial Analyst extension command Tabulate Areas to produce one 
table for stewardship level percent for each taxa and one table for stewardship status 1 or 
2 percent for each taxa.  Highlights, along with summary tables of these results, are 
discussed below.  More detailed summaries are presented in Appendices D.1 through 
D.5.  Management implications of these findings are discussed in Chapter 6. 
 
Results 
 
Analysis of Land Cover 
 
Land Cover and Land Stewardship 
 
Forest Types 
 
Forest cover types comprise just over 8% (1,169,939 ha) of the state; federal or county 
agencies each manage 2% of this land and 5% is managed by the state (see Table 5.1, 
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Appendix D.1).  Following the general pattern of land ownership in Iowa, 91% 
(1,067,368) of the forest types are in private ownership.  An analysis of forest map labels 
shows an interesting trend.  The three public agency types in Iowa (county, state or 
federal) own or manage a greater percentage of forested wetlands or pine forest than any 
other forest or woodland map label.  The forested wetlands numbers are understandable 
considering most land available for public ownership was not suitable for crops; in Iowa 
this means the land is subject to flooding or is too steep for farming.  The relatively high 
percentage of pine forest in public ownership is a reflection of pines planted in all Iowa 
parks for animal habitat and positive aesthetic qualities.  Any map label containing 
upland deciduous trees has its greatest percentage in private ownership. 
 
Shrub and Grass Types 
 
The grass and all shrub map labels make up 28% (4,096,988 ha) of the state.  Again, 
private ownership has the greatest majority with 90% for shrubs and 98.6% for all 
grasses.
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Table 5.1.  Area and percent land cover within land stewardship categories. Other includes municipal or township jurisdiction. 
  Federal State County Private Protected Private Non-Protected Other Total 
Map Label ha % ha % ha % ha % ha % ha % ha 
Forest Types (total) 21,176.10 1.81 56,814.21 4.86 24,347.88 2.08 10,072.08 0.86 1,057,322.43 90.37 235.71 0.02 1,169,968.41 
Eastern Red Cedar Forest 86.22 0.80 524.07 4.84 214.02 1.98 24.66 0.23 9,975.24 92.14 2.07 0.02 10,826.28 
Pine Forest 86.04 2.52 359.37 10.52 140.13 4.10 18.36 0.54 2,812.05 82.31 0.45 0.01 3,416.40 
Evergreen Forest 230.94 1.39 819.81 4.94 265.59 1.60 57.06 0.34 15,203.79 91.68 6.84 0.04 16,584.03 
Upland Deciduous Forest 4,595.67 0.55 38,665.44 4.65 14,778.90 1.78 3,715.74 0.45 769,314.24 92.55 132.30 0.02 831,202.29 
Temp Flooded Forested Wetland 3,393.54 3.11 6,680.52 6.11 5,036.04 4.61 4,021.11 3.68 90,070.11 82.44 51.57 0.05 109,252.89 
Seasonally Flooded Forested Wetland 11,780.82 37.53 2,958.75 9.43 1,286.19 4.10 1,179.72 3.76 14,167.71 45.14 14.40 0.05 31,387.59 
Mixed Evergreen/Deciduous Forest 276.57 0.43 2,904.03 4.56 1,179.09 1.85 180.54 0.28 59,184.36 92.86 10.17 0.02 63,734.76 
Eastern Red Cedar Woodland 23.85 0.23 210.42 2.07 81.00 0.80 9.18 0.09 9,829.71 96.80 0.63 0.01 10,154.79 
Upland Deciduous Woodland 679.86 0.77 3,559.32 4.01 1,289.25 1.45 856.08 0.97 82,292.04 92.78 15.93 0.02 88,692.48 
Mixed Evergreen/Deciduous Woodland 22.59 0.48 132.48 2.81 77.67 1.65 9.63 0.20 4,473.18 94.83 1.35 0.03 4,716.90 
Shrub Types (total) 915.66 2.03 2,929.86 6.49 572.22 1.27 515.25 1.14 40,232.79 89.07 5.94 0.01 45,171.72 
Upland Shrub 55.44 0.16 853.20 2.39 322.92 0.90 72.45 0.20 34,422.66 96.34 3.51 0.01 35,730.18 
Temp Flooded Shrub 149.13 3.42 478.26 10.96 164.61 3.77 184.23 4.22 3,383.28 77.56 2.43 0.06 4,361.94 
Seasonally Flooded Shrub 663.75 15.12 1,167.48 26.59 75.87 1.73 243.81 5.55 2,239.11 51.00 0.00 0.00 4,390.02 
Semi-perm Flooded Shrub 47.34 8.42 430.92 76.64 5.22 0.93 14.49 2.58 64.26 11.43 0.00 0.00 562.23 
Saturated Shrub 0.00 0.00 0.00 0.00 3.60 2.83 0.27 0.21 123.48 96.96 0.00 0.00 127.35 
Grass Types (total) 5,625.90 0.14 33,689.43 0.83 18,217.17 0.45 9,923.31 0.24 3,984,126.12 98.33 238.23 0.01 4,051,820.16 
Warm Season Grass/Perennial Forb 1,519.47 0.22 8,474.67 1.20 4,479.57 0.63 2,123.46 0.30 689,091.21 97.64 37.26 0.01 705,725.64 
Cool Season Grass 3,312.63 0.11 21,135.51 0.68 11,976.12 0.39 7,099.38 0.23 3,042,812.61 98.58 177.12 0.01 3,086,513.37 
Grassland w/ Sparse Trees 793.80 0.31 4,079.25 1.57 1,761.48 0.68 700.47 0.27 252,222.30 97.17 23.85 0.01 259,581.15 
Herbaceous Wetland Types (total) 2,662.92 1.91 10,212.75 7.31 3,293.73 2.36 3,188.97 2.28 120,283.92 86.12 26.28 0.02 139,668.57 
Temp Flooded Wetland 462.60 1.14 1,603.08 3.93 850.68 2.09 1,365.93 3.35 36,447.75 89.46 11.79 0.03 40,741.83 
Seasonally Flooded Wetland 487.53 1.17 1,342.71 3.23 767.16 1.85 862.83 2.08 38,074.50 91.65 10.44 0.03 41,545.17 
Semi-perm Flooded Wetland 1,485.09 9.38 3,850.11 24.31 528.39 3.34 530.10 3.35 9,444.06 59.63 0.54 0.00 15,838.29 
Saturated Wetland 0.54 0.01 29.25 0.56 42.66 0.81 9.72 0.18 5,185.62 98.43 0.72 0.01 5,268.51 
Permanently Flooded Wetland 227.16 0.63 3,387.60 9.34 1,104.84 3.05 420.39 1.16 31,131.99 85.82 2.79 0.01 36,274.77 
Undervegetated Types (total) 1,830.69 1.70 2,854.71 2.65 1,127.52 1.05 1,275.30 1.19 100,433.34 93.40 12.87 0.01 107,534.43 
Sparsely Vegetated/Barren 1,793.70 1.69 2,595.60 2.44 1,126.80 1.06 1,162.35 1.09 99,507.15 93.70 12.87 0.01 106,198.47 
Barren/Mixed Vegetation 36.99 2.77 259.11 19.40 0.72 0.05 112.95 8.45 926.19 69.33 0.00 0.00 1,335.96 
Anthropogenic/Water Types (total) 45,810.54 0.51 58,382.10 0.64 13,163.85 0.15 17,617.86 0.19 8,920,159.65 98.51 153.36 0.00 9,055,287.36 
Cropland 5,053.95 0.06 21,522.24 0.25 8,688.87 0.10 15,450.75 0.18 8,668,870.02 99.42 25.11 0.00 8,719,610.94 
Artificial/High Vegetation 186.21 0.19 503.28 0.52 377.91 0.39 135.36 0.14 94,766.49 98.74 4.50 0.00 95,973.75 
Artificial/Low Vegetation 95.40 0.15 235.35 0.37 157.50 0.25 99.45 0.16 63,059.58 99.08 0.63 0.00 63,647.91 
Open Water 40,474.98 22.99 36,121.23 20.52 3,939.57 2.24 1,932.30 1.10 93,463.56 53.09 123.12 0.07 176,054.76 
Total 78,021.81 0.54 164,883.06 1.13 60,722.37 0.42 42,592.77 0.29 14,222,558.25 97.62 672.39 0.00 14,569,450.65 
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For all shrub map layers, county, state or federal jurisdiction is responsible for 1.3%, 6.5% and 2.0% 
respectively.  The shrubs, like the forest types, have public agencies protecting more of the wetland types 
than the upland type.  According to the pattern so far, since all grass map labels are found in the upland, it 
would be expected that low percentages are protected by public agencies and that is the case.  County, 
state and federal agencies each manage 0.45%, 0.83% and 0.14% of all grass types, leaving 98.6% to 
private ownership.  Looking at each grass map label by public agency shows ownership under 2% and, 
with two exceptions, under 1% (see Table 5.1).  Those exceptions are grass with sparse trees and warm 
season grass. 
 
Herbaceous Wetland Types 
 
Herbaceous wetland map labels have the lowest private ownership of any of the major vegetation types at 
88.4%.  As a public landowner, the state has the greatest amount of wetlands at 10, 206 hectares or 7.3%.  
County and federal ownership are next in line, respectively, at 2.4% and 1.9%.  Across all public 
agencies, the semi-permanent wetland map label has by far the most hectares in public ownership of 
wetlands.  The saturated wetland map label, which has 5,269 hectares statewide, or 0.04% of the state, has 
98.6% of its land in private ownership. 
 
Undervegetated and Anthropogenic/Water Types 
 
Except for water, these two general types have the highest percent ownership in private hands at 94.6% 
and 98.7% respectively.  For the two combination barren map labels in public ownership, the state has the 
most land followed by federal and then county.  As was expected, cropland was the map label with the 
highest percent ownership in private hands with 99.6%, closely followed by artificial/low vegetation with 
99.2%.  The open water map label was the only one in this group to barely have a majority in private 
ownership; it has 95,476 hectares or 54.2%.  For the private agencies, the state owns more water than the 
counties or federal government; however, water has the second largest amount of land in federal 
ownership behind seasonally flooded forested wetland at 23%. 
 
Land Cover and Management Status 
 
Figures 5.1 and 5.2 illustrate the proportions of each of the 29 map labels assigned each management 
status code and Table 5.2 provides hectare amounts and percents for each status code.  Figure 5.3 shows 
the area of each map label with management status one and two versus the percent of each map label in 
status one and two.  These figures and table highlight the land cover management status in Iowa and are 
accompanied by the following text summary. 
 
Land Cover with <10% Representation in Status 1 and 2 
 
All 29 land cover types have less than 10% of their managed areas in Status 1 and 2.  Actually, all 29 land 
cover types have less than 0.5% of their managed areas in Status 1 and 2 for the state of Iowa (see Table 
5.2).  The area weighted average percent for all status 1 and 2 land in Iowa is 0.05%.  This value serves as 
a base from which to compare individual map label protection percentages. 
 
Forest Types – The area-weighted overall percent of status 1 and 2 land is 0.17 but the range of individual 
map labels is from 0.03% to 0.24%.  As could be expected, the highest percent of 0.24% (75.33 ha) 
belongs to the Seasonally Flooded Forested Wetland map label; wetland map labels of all types had the 
highest level of protection, for both total area and status level.  The general trend for all forest types is a 
greater percent of land is included as the status level increases in number.  The one exception is 
Seasonally Flooded Forested Wetland; status 3 includes the greatest percent of land 
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Figure 5.1.  Percent of each forest, woodland and shrubland map label in management status 1–4. 
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Figure 5.2.  Percent of each grass, wetland, water and anthropogenic map label in management status 1–4. 
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Table 5.2.  Area (ha) and percent of each map label by management status. 
 
  Status 1 Status 2 Status 3 Status 4 Status 1&2 Total 
Map Label ha % ha % ha % ha % ha % ha 
Forest Types (total) 972.18 0.08 1,052.73 0.09 26,268.48 2.25 1,141,675.02 97.58 2,024.91 0.17 1,169,968.41 
Eastern Red Cedar Forest 14.49 0.13 3.60 0.03 127.26 1.18 10,680.93 98.66 18.09 0.17 10,826.28
Pine Forest 0.45 0.01 0.63 0.02 55.53 1.63 3,359.79 98.34 1.08 0.03 3,416.40
Evergreen Forest 15.12 0.09 13.05 0.08 187.47 1.13 16,368.39 98.70 28.17 0.17 16,584.03
Upland Deciduous Forest 745.11 0.09 815.13 0.10 8,730.54 1.05 820,911.51 98.76 1,560.24 0.19 831,202.29
Temp Flooded Forested Wetland 84.87 0.08 79.38 0.07 6,345.99 5.81 102,742.65 94.04 164.25 0.15 109,252.89
Seasonally Flooded Forested Wetland 2.70 0.01 72.63 0.23 8,953.47 28.53 22,358.79 71.23 75.33 0.24 31,387.59
Mixed Evergreen/Deciduous Forest 56.16 0.09 42.12 0.07 662.22 1.04 62,974.26 98.81 98.28 0.15 63,734.76
Eastern Red Cedar Woodland 3.42 0.03 0.63 0.01 33.12 0.33 10,117.62 99.63 4.05 0.04 10,154.79
Upland Deciduous Woodland 48.78 0.05 25.11 0.03 1,130.40 1.27 87,488.19 98.64 73.89 0.08 88,692.48
Mixed Evergreen/Deciduous Woodland 1.08 0.02 0.45 0.01 42.48 0.90 4,672.89 99.07 1.53 0.03 4,716.90
Shrub Types (total) 24.93 0.06 9.36 0.02 881.64 1.95 44,255.79 97.97 34.29 0.08 45,171.72 
Upland Shrub 22.59 0.06 6.93 0.02 192.06 0.54 35,508.60 99.38 29.52 0.08 35,730.18
Temp Flooded Shrub 1.35 0.03 0.54 0.01 251.01 5.75 4,109.04 94.20 1.89 0.04 4,361.94
Seasonally Flooded Shrub 0.99 0.02 1.53 0.03 419.13 9.55 3,968.37 90.40 2.52 0.06 4,390.02
Semi-perm Flooded Shrub 0.00 0.00 0.00 0.00 15.93 2.83 546.30 97.17 0.00 0.00 562.23
Saturated Shrub 0.00 0.00 0.36 0.28 3.51 2.76 123.48 96.96 0.36 0.28 127.35
Grass Types (total) 2,063.07 0.05 807.57 0.02 17,147.88 0.42 4,031,801.64 99.51 2,870.64 0.07 4,051,820.16 
Warm Season Grass/Perennial Forb 620.91 0.09 207.27 0.03 4,719.42 0.67 700,178.04 99.21 828.18 0.12 705,725.64
Cool Season Grass 1,332.36 0.04 510.30 0.02 11,159.64 0.36 3,073,511.07 99.58 1,842.66 0.06 3,086,513.37
Grassland w/ Sparse Trees 109.80 0.04 90.00 0.03 1,268.82 0.49 258,112.53 99.43 199.80 0.08 259,581.15
Herbaceous Wetland Types (total) 107.28 0.08 200.70 0.14 5,402.88 3.87 133,957.71 95.91 307.98 0.22 139,668.57 
Temp Flooded Wetland 22.14 0.05 97.65 0.24 1,806.12 4.43 38,815.92 95.27 119.79 0.29 40,741.83
Seasonally Flooded Wetland 25.65 0.06 50.13 0.12 1,601.37 3.85 39,868.02 95.96 75.78 0.18 41,545.17
Semi-perm Flooded Wetland 29.07 0.18 35.10 0.22 1,243.17 7.85 14,530.95 91.75 64.17 0.41 15,838.29
Saturated Wetland 1.71 0.03 0.54 0.01 39.69 0.75 5,226.57 99.20 2.25 0.04 5,268.51
Permanently Flooded Wetland 28.71 0.08 17.28 0.05 712.53 1.96 35,516.25 97.91 45.99 0.13 36,274.77
Undervegetated Types (total) 44.28 0.04 51.66 0.05 2,327.94 2.16 105,110.55 97.75 95.94 0.09 107,534.43 
Sparsely Vegetated/Barren 44.28 0.04 51.66 0.05 2,157.84 2.03 103,944.69 97.88 95.94 0.09 106,198.47
Barren/Mixed Vegetation 0.00 0.00 0.00 0.00 170.10 12.73 1,165.86 87.27 0.00 0.00 1,335.96
Anthropogenic/Water Types (total) 630.81 0.01 717.93 0.01 36,702.27 0.41 9,017,236.35 99.58 1,348.74 0.01 9,055,287.36 
Cropland 614.70 0.01 639.18 0.01 20,865.15 0.24 8,697,491.91 99.75 1,253.88 0.01 8,719,610.94
Artificial/High Vegetation 3.42 0.00 3.60 0.00 114.84 0.12 95,851.89 99.87 7.02 0.01 95,973.75
Artificial/Low Vegetation 0.09 0.00 0.81 0.00 42.57 0.07 63,604.44 99.93 0.90 0.00 63,647.91
Open Water 12.60 0.01 74.34 0.04 15,679.71 8.91 160,288.11 91.04 86.94 0.05 176,054.76
Total 3,842.55 0.03 2,839.95 0.02 88,731.09 0.61 14,474,037.06 99.35 6,682.50 0.05 14,569,450.65
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Figure 5.3.  Percent of map label in management status 1 and 2 in relation to area 
in management status 1 and 2 for each of the 29 map labels.  Note: not all map 
labels have a text descriptor. 
 
Shrub and Grass Types – The status 1 and 2 percent for all shrubland is 0.08%.  Because 
shrubland has such a small total area over the state (0.3%), it is not surprising that the 
highly protected land percentage is so low, assuming an even distribution.  It is also not 
surprising that the Saturated Shrub map label, a wetland class, has 0.28% of its area in 
status 1 and 2.  It is not a large overall percent, however, it is the map label with the 
highest percent of land in status 1 or 2.  As was noted earlier in the section Land Cover 
and Land Stewardship, in Iowa, wetlands in general are more highly protected, by area, 
than any other vegetation class besides upland forest.  Grassland protected in status 1 and 
2 is 0.07% but all grass types cover 28% of the state.  All grass types are protected in 
status 1 and 2 at about the same percent as shrub types, but grasses cover a much larger 
percent of the state.  Warm Season Grass makes up 17% of the grass types in the state 
and 0.12 % is in status 1 and 2, whereas Cool Season Grass makes up 76% of the grass 
types in the state but only 0.06% is in status 1 and 2.  This is because most cool season 
grass is privately owned pasture and warm season grass is being conserved or restored on 
publicly owned land. 
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Herbaceous Wetland Types – At 0.22% in status 1 and 2, this is the highest protected 
group of map labels.  Semi-permanently Flooded and Temporarily Flooded wetlands are 
the two individual map labels with the highest percents at 0.41% and 0.29% respectively.  
Only one of the herbaceous wetland map label falls below the average percent for all 
status 1 and 2 lands – Saturated Wetland is 0.04%. 
 
Undervegetated and Anthropogenic/Water Types – Given that in Iowa, undervegetated or 
barren map labels usually include unplanted crop fields, animal confinements or quarries, 
it is not such a concern that the amount of status 1 and 2 land in this group is only 0.09%.  
It is more of a concern that the value is so high, compared to the values of the vegetated 
map labels.  Naturally, some undervegetated or barren areas will include sandy beaches 
or mud flats along rivers but those beneficial areas do not make up the majority of this 
map label group.  The good news for the Anthropogenic/Water map labels is that the 
value for status 1 and 2 lands is only 0.01%.  Open Water has the highest individual value 
at 0.05% which is understandable since rivers, lakes or reservoirs are frequently a part of 
publicly owned land in Iowa.  The Artificial/Vegetation map labels are protected with a 
value of 0.01%.  Those areas are probably parking lots, roads or visitor/maintenance 
buildings.  Cropland is protected in status 1 and 2 at 0.01%, which is 1,254 ha; these are 
most likely food plots. 
 
The total percentages of any map label protected by status 1 and 2 in Iowa are very low.  
There are only 2 map labels in status 3 with protection over 10%.  Given that, it does help 
to compare protection percents between map labels to illustrate trends in map label type 
versus protection percent.  Figure 5.4 illustrates the trend of area protected for all map 
labels in each status category.  The general picture of land stewardship in Iowa is that the 
majority of land (98.29%) is privately owned with no conservation protection. 
 
Land Cover with 10% - <20% Representation in Status 1 and 2 
 
No land cover map labels in this category. 
 
Land Cover with 20% - <50% Representation in Status 1 and 2 
 
No land cover map labels in this category. 
 
Land Cover with at least 50% Representation in Status 1 and 2 
 
No land cover map labels in this category. 
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Figure 5.4.  Percent area for all map labels in each status category. 
 
Analysis of Predicted Distributions for Animal Species 
 
The complete animal species distributions analysis tables by taxa can be found in 
Appendices D.2 – D.5.  The tables provide the area in hectares of the species' mapped 
distribution by management status and land steward, and the percent of the species' total 
distribution in each category.  For example, the entry for Northern cricket frog (Acris 
crepitans blanchardi) indicates that 1,691 ha of its predicted distribution (1,313,609 ha) 
is on state lands that are ranked Status 3, which represents 9.3% of that species' total 
distribution.  The entry also shows that 0.08 % of its predicted distribution falls within 
Status 1 and 2 lands. 
 
Land Stewardship 
Greater than 90% (95.75%) of the predicted habitat for all species modeled in Iowa are 
on private lands followed by state lands (2.00%), and then federal lands (1.03%) (see 
Table 5.3).  For all taxa the percent of predicted habitat was similar to the overall 
percentage of a particular stewardship class. 
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Table 5.3.  Average percent of the total predicted distribution (ha) of species within 
taxonomic groups by aggregated land stewardship categories.  Numbers in parenthesis 
under the stewardship category indicate the percent of state by stewardship category. 
 
 Average Percent Distribution by Land Stewardship  
Taxonomic Group Federal (0.54) 
State 
(1.15) 
County 
(0.42) 
Private-Protected
(0.27) 
Private 
(97.59) 
Other 
(0.03) Number of Species
Amphibians 3.16% 3.51% 1.08% 0.80% 91.44% 0.02% 21
Reptiles 1.78% 2.46% 0.97% 0.54% 94.24% 0.01% 44
Birds 0.71% 1.85% 0.72% 0.41% 96.31% 0.01% 170
Mammals 0.54% 1.45% 0.60% 0.35% 97.06% 0.01% 53
All Species 1.02% 1.99% 0.76% 0.45% 95.78% 0.01% 288
 
Land Management Status 
 
The total amount of land falling in the Status 1 and 2 categories was very small (< 0.5 %, 
6678 ha) and reflected in the amount of predicted habitat falling within these categories.  
In almost all species (98.26%) the amount of predicted habitat falling within Status 1 and 
2 areas was less than 1.0% (see Figure 5.5 and Table 5.4).  Only 5 species were in the 
next highest category with 1-10% of their predicted habitat falling within Status 1 and 2 
lands. 
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Figure 5.5. Percent of predicted distribution in Status 1 and 2 management lands for 
amphibians, reptiles, birds and mammals in Iowa (n = 288). 
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Table 5.4. Number and percent of native terrestrial vertebrate species according to the 
percentage of their predicted distribution within status 1 and 2 lands. 
 
  Percent Distribution in Status 1 and 2   
 < 1% 1-10% 10-20% 20-50% >50%  
Taxonomic Group # % # % # % # % # % Total Species
Amphibians 21 100.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 21
Reptiles 43 97.73% 1 2.27% 0 0.00% 0 0.00% 0 0.00% 44
Birds 166 97.65% 4 2.35% 0 0.00% 0 0.00% 0 0.00% 170
Mammals 53 100.00% 0 0.00% 0 0.00% 0 0.00% 0 0.00% 53
All Species 283 98.26% 5 1.74% 0 0.00% 0 0.00% 0 0.00% 288
 
Species with 0-<1% of Predicted Distribution in Status 1 or 2 
 
Almost all species fell into this category (98.26%, n=283).  Land managed by county, 
state and federal agencies, which make up a large percentage of all managed lands is 
most often managed for multiple uses rather than managed for biodiversity. 
 
Species with 1-<10% of Predicted Distribution in Status 1 or 2 
 
The remaining 5 species (1.74%) modeled were found in this category.  The prairie 
rattlesnake (Crotalus viridis viridis) has 2.11% of its predicted habitat in Status 1 and 2 
lands.  This was due to the very narrow range confined to the northwest part of Iowa, 
which has a number of larger parcels of land held by The Nature Conservancy.  The 
following four bird species were also in this category: hooded warbler (Wilsonia citrina), 
kentucky warbler (Oporornis formosus), ovenbird (Seiurus aurocapillus) and winter wren 
(Troglodytes troglodytes).  The ranges of these species are much more limited than other 
species and are focused on the northeastern, eastern or southeastern part of the state.  In 
some cases the ranges are limited to a couple of counties.  Managed areas in these parts 
of the state may tend to protect more deciduous forest and deciduous riparian areas than 
other parts of the state, which are important habitat for the above four birds. 
  
Species with l0%-<20% of Predicted Distribution in Status 1 or 2 
 
No species in this category. 
 
Species with 20% -<50% of Predicted Distribution in Status 1 or 2 
 
No species in this category. 
 
Species with at least 50% of Predicted Distribution in Status 1 and 2 
 
No species in this category. 
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Limitations and Discussion 
 
When applying the results of our analyses, it is critical that the following limitations are 
considered: 1) the limitations described for each of the component parts (land cover 
mapping, animal species mapping, stewardship mapping) of the analyses, 2) the spatial 
and thematic map accuracy of the components, and 3) the suitability of the results for the 
intended application.  At a coarse scale use of this data to identify general trends may be 
used as one tool in guiding future management. 
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Chapter 6  
CONCLUSIONS AND MANAGEMENT IMPLICATIONS 
 
 
Current Condition of Biodiversity  
 
Intensive agriculture, urban development, drainage, soil erosion, deforestation, 
channelization of streams and rivers, and an extensive grid of transportation corridors 
have reshaped Iowa’s landscapes since the beginning of European settlement more than a 
century ago.  The tallgrass prairies that helped develop the state’s highly productive soils 
have been reduced by more than 99 percent (Smith 1998) and about 95 percent of the 
once abundant prairie potholes have been drained (Bishop et al 1998).  Over half of the 
original forest has been lost and the remainder has been severely fragmented and 
disturbed (Jungst et al 1998). Most of the natural areas that remain have experienced 
some kind of disturbance by grazing, fire suppression, or drainage. 
 
Perspectives on the declining flora and fauna of Iowa were presented in a special 
symposium at the 109th session of the Iowa Academy of Science held at Clarke College 
in Dubuque, April 25-26, 1997.  Proceedings of the symposium were published in two 
issues of Vol. 105 of the Journal of the Iowa Academy of Science. 
 
Only a tiny proportion (2 percent) of the land area of Iowa is in public ownership and 
only a few tracts are larger than a few thousand acres. Scattered remnants of prairies, 
forests and wetlands have been preserved in state and county parks, preserves, wildlife 
management areas, state forests, and a few privately owned areas. Federal lands include 
five national wildlife refuges, one national monument, and four flood control reservoirs 
managed by the U.S. Army Corps of Engineers.  In the last decade, federal cost-share 
funding programs coupled with state and private partnerships have helped to restore more 
than 50,000 hectares of prairie potholes and alluvial floodplains (Bishop et al 1998).  
Most public lands are managed for multiple uses and few areas are managed for 
biodiversity conservation. 
 
Much of Iowa’s biodiversity occurs along stream corridors where the land is less suitable 
for agriculture.  Bluffs and bottomlands along the Mississippi River on the eastern border 
of the state, and the Loess Hills and Missouri River on the western border represent some 
of the best of the remaining natural habitats.  These major rivers together with smaller 
rivers and stream corridors throughout the state are important for species to move from 
place to place.  Because most of these corridors generally follow a north-south orientation 
they are especially important for migratory birds. Of the state’s inland river corridors, the 
Des Moines River traverses the entire middle of the state and may have the greatest 
potential for protecting and restoring biodiversity.  The Loess Hills, grassland areas in the 
northwest and south central sections of the state, the Iowa Great Lakes, and the northeast 
paleozoic plateau are also important centers of biodiversity and have potential for 
restoration and management. 
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Large free-ranging herbivores such as bison and elk and large predators such as mountain 
lion, wolverine, grizzly and black bears, and timber wolf were extirpated from the state in 
the early 1900’s (Bowles et al 1998l). Large birds such as trumpeter swan, whooping 
crane, and prairie chicken also disappeared then.  Currently, the Iowa Department of 
Natural Resources lists about 153 species of plants and 85 species of animals as 
threatened or endangered. Of these, eight species are on the federal list.   These include 
three birds (bald eagle, piping plover, least tern), one mammal (Indiana bat), two fish 
(pallid sturgeon, Topeka shiner), one mussel (Higgenseye), and one land snail 
(Pleistocene).  A total of 15 reptile and four amphibian species are on the state threatened 
and endangered list.  Many more are declining in numbers and their range distributions 
are shrinking because of habitat loss, pollution and perhaps other causes (Christiansen 
1998).   
 
Games species, such as deer, turkey, pheasants, and waterfowl, have been intensively 
managed since the 1930’s for hunting recreation and their populations are healthy.  State-
owned wildlife management areas, although not managed primarily for biodiversity, 
provide habitat for both game and nongame species.  Furbearers, such as muskrat, fox, 
mink, raccoon, and beaver, are relatively abundant but have lost much of their economic 
value in recent years.  The Iowa Department of Natural Resources (IDNR) has actively 
restored sustainable populations of Canada geese, white-tailed deer, eastern wild turkey, 
river otter, peregrine falcon, trumpeter swan, and prairie chicken.  A few species that 
were once extirpated have returned with the help of strict protection (bald eagle, sandhill 
crane, bobcat).  Still other species such as the great-tailed grackle and cattle egret have 
moved into the state because of natural range expansion (Dinsmore 1998).  Occasional 
recent sightings of mountain lion and timber wolf may indicate these large predators are 
moving back into the state, perhaps attracted by the large and thriving white-tailed deer 
herd. 
 
The Nature Conservancy and the Iowa Natural Heritage Foundation have been active in 
the protection, restoration and management of important natural areas. Organizations 
such as Ducks Unlimited, Pheasants Forever, and Whitetails Unlimited have contributed 
funds and volunteer labor towards habitat restoration.   
 
Recommendations 
 
Bernstein (1998) reviewed conservation efforts in Iowa following a 1980 symposium 
sponsored by the Iowa Academy of Science in which Roosa (1981) issued nine future 
challenges to conservation in Iowa.  Some progress has been made in acquiring natural 
areas, documenting our natural history base, developing tax incentives for preservation, 
maintaining a state office for biological surveys, enacting river corridor management 
programs, publicizing Iowa’s diminishing natural heritage, providing non-game and 
endangered species programs, and forming a coalition of environmental organizations.   
 
Bernstein stated that “Potential future threats to Iowa’s biodiversity include: 
fragmentation and destruction of habitats in both Iowa and abroad, climatic instability, 
competition from introduced species, and competition/predation/parasitism from 
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generalist species. Given these threats, conservation efforts should continue with the goal 
of limiting future damage to biodiversity.” 
 
Because of Iowa’s fertile soils and favorable climate, it is likely that the land will remain 
in agriculture and private ownership for the foreseeable future. Gap analysis can assist 
natural resource planners with identifying existing centers of biodiversity so that 
conservation efforts can be directed where they will do the most good.  Large tracts of 
land for biodiversity management are seldom available.  Therefore, ways must be found 
to protect biodiversity on private lands such as through long-term conservation easements 
and other voluntary initiatives.   
 
Private landowners are demonstrating a growing interest in the restoration of native 
ecosystems, especially prairies and wetlands.  Education, technical assistance and 
funding incentives should be directed toward helping foster this interest.  
 
In Iowa, centers of biodiversity are diffuse and have “fuzzy” boundaries.  Moreover, the 
state is relatively small in land area.  Therefore, it would seem desirable for the state to 
join with neighboring states to develop a regional plan for biodiversity conservation 
especially along the Mississippi and Missouri River corridors.   
 
River and stream corridors throughout the state offer the best opportunity for the 
conservation of biodiversity.  These corridors are rapidly being developed for residential 
and commercial uses.  County boards of supervisors and zoning boards could be educated 
about biodiversity issues in their area and encouraged to protect waterway corridors from 
development. 
 
Education is the key to gaining acceptance of conservation programs.  The Iowa Gap 
Analysis Program has encouraged the establishment of NatureMapping to raise public 
awareness and acquire needed data on animal distributions.  This fledgling program 
should be continued. 
 
The Iowa Gap Analysis Program has been limited to terrestrial vertebrates based on the 
assumption that these larger animals can serve as surrogates for all terrestrial organisms.  
A similar analysis for aquatic species, as well as terrestrial invertebrates, is needed to 
assist conservation planning in the state.  
 
County Conservation Boards and municipal park boards should place more emphasis on 
management of biodiversity on public lands under their jurisdiction.  Multiple use 
activities on small areas are often detrimental to many species.  These local agencies 
could identify one area that could be managed primarily for biodiversity. 
 
Citizen-led watershed councils are emerging as a means to accomplish comprehensive 
watershed and landscape planning. These organizations could include goals for protecting 
and enhancing biodiversity in their plans.    
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Invasive species are a major problem in natural areas.  Management for biodiversity 
should include control of invasive species.  Major problem species include purple 
loosestrife, buckthorn, multiflora rose, tartarian honeysuckle, Canada thistle, leafy 
spurge, reed canary grass, garlic mustard, and many others. 
 
Perhaps citizen-led regional biodiversity councils, based on landforms, large watershed 
basins, or eco-regions could assist government agencies in protecting biodiversity.   
 
Examples of land use guidelines that address conservation uses such as biodiversity 
management, ground water protection, aesthetic values, and other sustainable uses should 
be developed. 
 
Examples of each of the major plant alliances that occur in each ecoregion of the state 
should be set aside and managed for long-term sustainability. 
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Chapter 7 
PRODUCT USE AND AVAILABILITY 
 
How to Obtain the Products 
It is the goal of the Gap Analysis Program and the USGS Biological Resources Division 
(BRD) to make the data and associated information as widely available as possible. Use 
of the data requires specialized software called geographic information systems (GIS) 
and substantial computing power. Additional information on how to use the data or 
obtain GIS services is provided below and on the GAP home page (URL below). While a 
CD-ROM of the data will be the most convenient way to obtain the data, it may also be 
downloaded via the Internet from the national GAP home page at: 
 
http://www.gap.uidaho.edu/  
 
The home page will also provide, over the long term, the status of our state's project, 
future updates, data availability, and contacts. Within a few months of this project's 
completion, CD-ROMs of the final report and data should be available at a nominal cost--
the above home page will provide ordering information. To find information on this state 
GAP project's status and data, follow the links to "project information" and then to the 
particular state of interest.  Data can also be acquired from the Iowa Natural Resource 
Geographic Information System (NRGIS) available through the Iowa Department of 
Natural Resources (http://www.igsb.uiowa.edu/nrgis/gishome.htm). 
 
The Iowa Gap Analysis homepage (http://www.ag.iastate.edu/centers/cfwru/iowagap) 
will also have links to download the available data, how to order a CD-ROM of the data 
and final report and how to request a printed copy of the final report.  There will also be 
printed copies available for order of the “Iowa Land Cover and Stewardship Atlas” and 
the “Iowa Vertebrate Atlas” when they become available. 
 
The Iowa Gap Analysis data will also be available as an Internet mapping service (IMS).  
The current website for this data can be found on the Iowa Gap Analysis homepage.  The 
final data products will be available for basic online GIS analysis via the IMS for those 
interested persons without access to GIS software or a local GIS company. 
 
Minimum GIS System Required for Data Use 
The land cover, vertebrate species predicted habitats and vertebrate species richness data 
are in Arc GRID and require a GIS that can read that format.  All other associated GIS 
data are either ArcView shapefiles or ArcInfo vector coverages.  ArcView 3.2 and later 
with the Spatial Analyst extension, ERDAS Imagine, ArcInfo and GeoMedia will all be 
able to display and analyze the grid and vector data available from Iowa Gap. 
 
The GIS Facility at Iowa State University, Room 218 Durham Hall, Ames, Iowa provides 
access to machines and software available to students, faculty and staff of Iowa State for 
GIS analysis.  Other interested persons can contact the facility personnel to arrange a 
contract for GIS services.  Private GIS companies exist around the state and can be found 
through the phone book. 
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Disclaimer 
 
Although these data have been processed successfully on a computer system at the BRD, 
no warranty expressed or implied is made regarding the accuracy or utility of the data on 
any other system or for general or scientific purposes, nor shall the act of distribution 
constitute any such warranty. This disclaimer applies both to individual use of the data 
and aggregate use with other data. It is strongly recommended that these data are directly 
acquired from a BRD server (see above for approved data providers) and not indirectly 
through other sources which may have changed the data in some way. It is also strongly 
recommended that careful attention be paid to the content of the metadata file associated 
with these data. The Biological Resources Division shall not be held liable for improper 
or incorrect use of the data described and/or contained herein. 
 
These data were compiled with regard to the following standards. Please be aware of the 
limitations of the data. These data are meant to be used at a scale of 1:100,000 or smaller 
(such as 1:250,000 or 1:500,000) for the purpose of assessing the conservation status of 
animals and vegetation types over large geographic regions. The data may or may not 
have been assessed for statistical accuracy. Data evaluation and improvement may be 
ongoing. The Biological Resources Division makes no claim as to the data's suitability 
for other purposes. This is writable data which may have been altered from the original 
product if not obtained from a designated data distributor identified above. 
 
Metadata 
Proper documentation of information sources and processes used to assemble GAP data 
layers is central to the successful application of GAP data. Metadata documents the 
legacy of the data for new users. The Federal Geographic Data Committee (FGDC 1994, 
1995) has published standards for metadata and NBII (<http://www.nbii.gov>) has 
updated those standards to include biological profiles. Executive Order 12906 requires 
that any spatial data sets generated with federal dollars will have FGDC-compliant 
metadata.  Each spatial data layer provided is accompanied by its metadata (*.xml file) in 
the same directory.  
 
Appropriate and Inappropriate Use of These Data 
 
All information is created with a specific end use or uses in mind. This is especially true 
for GIS data, which is expensive to produce and must be directed to meet the immediate 
program needs. For GAP, minimum standards were set (see A Handbook for Gap 
Analysis, Scott et al. 1993) to meet program objectives. These standards include: scale or 
resolution (1:100,000 or 100 hectare minimum mapping unit), accuracy (80% accurate at 
95% confidence), and format (ARC/INFO coverage tiled to the 30' x 60' USGS 
quadrangle). 
 
Recognizing, however, that GAP would be the first, and for many years likely the only, 
source of statewide biological GIS maps, the data were created with the expectation that 
they would be used for other applications. Therefore, we list below both appropriate and 
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inappropriate uses. This list is in no way exhaustive but should serve as a guide to assess 
whether a proposed use can or cannot be supported by GAP data. For most uses, it is 
unlikely that GAP will provide the only data needed, and for uses with a regulatory 
outcome, field surveys should verify the result. In the end, it will be the responsibility of 
each data user to determine if GAP data can answer the question being asked, and if they 
are the best tool to answer that question. 
 
Scale: 
First we must address the issue of appropriate scale to which these data may be applied. 
The data were produced with an intended application at the ecoregion level, that is, 
geographic areas from several hundred thousand to millions of hectares in size. The data 
provide a coarse-filter approach to analysis, meaning that not every occurrence of every 
plant community or animal species habitat is mapped, only larger, more generalized 
distributions. The data are also based on the USGS 1:100,000 scale of mapping in both 
detail and precision. When determining whether to apply GAP data to a particular use, 
there are two primary questions: do you want to use the data as a map for the particular 
geographic area, or do you wish to use the data to provide context for a particular area? 
The distinction can be made with the following example: You could use GAP land cover 
to determine the approximate amount of oak woodland occurring in a county, or you 
could map oak woodland with aerial photography to determine the exact amount. You 
then could use GAP data to determine the approximate percentage of all oak woodland in 
the region or state that occurs in the county, and thus gain a sense of how important the 
county's distribution is to maintaining that plant community. 
 
Appropriate Uses: 
The above example illustrates two appropriate uses of the data: as a coarse map for a 
large area such as a county, and to provide context for finer-level maps. The following is 
a general list of applications: 
 Statewide biodiversity planning 
 Regional (Councils of Government) planning 
 Regional habitat conservation planning 
 County comprehensive planning 
 Large-area resource management planning 
 Coarse-filter evaluation of potential impacts or benefits of major projects or plan 
initiatives on biodiversity, such as utility or transportation corridors, wilderness 
proposals, regional open space and recreation proposals, etc. 
 Determining relative amounts of management responsibility for specific biological 
resources among land stewards to facilitate cooperative management and planning. 
 Basic research on regional distributions of plants and animals and to help target both 
specific species and geographic areas for needed research. 
 Environmental impact assessment for large projects or military activities. 
 Estimation of potential economic impacts from loss of biological resource-based 
activities. 
 Education at all levels and for both students and citizens. 
 
Inappropriate Uses: 
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It is far easier to identify appropriate uses than inappropriate ones, however, there is a 
"fuzzy line" that is eventually crossed when the differences in resolution of the data, size 
of geographic area being analyzed, and precision of the answer required for the question 
are no longer compatible. Examples include: 
 Using the data to map small areas (less than thousands of hectares), typically 
requiring mapping resolution at 1:24,000 scale and using aerial photographs or 
ground surveys. 
 Combining GAP data with other data finer than 1:100,000 scale to produce new 
hybrid maps or answer queries. 
 Generating specific areal measurements from the data finer than the nearest thousand 
hectares (minimum mapping unit size and accuracy affect this precision). 
 Establishing exact boundaries for regulation or acquisition. 
 Establishing definite occurrence or non-occurrence of any feature for an exact 
geographic area (for land cover, the percent accuracy will provide a measure of 
probability). 
 Determining abundance, health, or condition of any feature. 
 Establishing a measure of accuracy of any other data by comparison with GAP data. 
 Altering the data in any way and redistributing them as a GAP data product. 
 Using the data without acquiring and reviewing the metadata and this report. 
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Chapter 9 
Glossary of Terms and Acronyms 
 
Terms 
aerial videography - video images of the land surface taken from an airplane 
algorithm - a procedure to solve a problem or model a solution (In GAP typically refers 
to a GIS procedure used to model animal distributions.) 
alliance level - a land unit made up of an "alliance" of natural communities that have the 
same dominant or co-dominant plant species or, in the absence of vegetation, by the 
dominant land cover typically described according to the Anderson land cover 
classification (see "Natural Community Alliance" in Grossman et al. 1995)  
alpha diversity - a single within-habitat measure of species diversity regardless of internal 
pattern, generally over an area of 0.1 to 1,000 hectares (see Whittaker 1960, 1977) -  
Anderson Level II - the second hierarchical level in the Anderson land cover 
classification system (see Anderson et al. 1976)  
anthropogenic - caused by man 
assemblages - a group of ecologically interrelated plant and animal species 
band, spectral - a segment of the electromagnetic spectrum defined by a range of 
wavelengths (e.g. blue, green, red, near infrared, far infrared) that comprise the Landsat 
TM imagery 
beta diversity - the change in species diversity among different natural communities of a 
landscape; an index of between-habitat diversity (see Whittaker 1960, 1977)  
biodiversity - generally, the variety of life and its interrelated processes 
biogeographic - relating to the geographical distribution of plants and animals 
biological diversity - see biodiversity 
cartographic - pertaining to the art or technique of making maps or charts 
classify - to assign objects, features, or areas on an image to spectral classes based upon 
their appearance as opposed to ‘classification’ referring to a scheme for describing the 
hierarchies of vegetation or animal species for an area 
coarse filter - the general conservation activities that conserve the common elements of 
the landscape matrix, as opposed to the "fine filter" conservation activities that are aimed 
at special cases such as rare elements (see Jenkins 1985)  
community - a group of interacting plants and animals 
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cover type - a non-technical higher-level floristic and structural description of vegetation 
cover 
cross-walking - matching equivalent land cover categories between two or more 
classification systems 
delineate - identifying the boundaries between more or less homogenous areas on 
remotely sensed images as visible from differences in tone and texture 
delta diversity - the change in species diversity between landscapes along major climatic 
or physiographic gradients (see Whittaker 1977)  
digitization - entering spatial data digitally into a Geographic Information System 
ecoregion - a large region, usually spanning several million hectares, characterized by 
having similar biota, climate, and physiography (topography, hydrology, etc). 
ecosystem - a biological community (ranging in scale from a single cave to millions of 
hectares), its physical environment, and the processes through which matter and energy 
are transferred among the components 
edge-matching - the process of connecting polygons at the boundary between two 
independently created maps, either between TM scenes or between state GAP data sets 
element - a plant community or animal species mapped by GAP. May also be referred to 
as "element of biodiversity". 
error of commission - the occurrence of a species (or other map category) is erroneously 
predicted in an area where it is in fact absent 
error of omission - when a model fails to predict the occurrence of a species that is 
actually present in an area 
exact set coverage - a basic optimization problem to determine the best method for 
identifying general areas that, when selected sequentially, would have the greatest 
positive cumulative impact on attaining adequate representation of any or all biotic 
elements of interest  
extinction - disappearance of a species throughout its entire range 
extirpation - disappearance of a species from part of its range  
fine filter - see "coarse filter"  
floristic - pertaining to the plant species that make up the vegetation of a given area. 
formation level - the level of land cover categorization between Group and Alliance 
describing the structural attributes of a land unit, for example, "Evergreen Coniferous 
Woodlands with Rounded Crowns" (see Jennings 1993b) 
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gamma diversity - the species diversity of a landscape, generally covering 1,000 to 
1,000,000 hectares, made up of more than one kind of natural community (see Whittaker 
1977)  
gap analysis - a comparison of the distribution of elements of biodiversity with that of 
areas managed for their long-term viability to identify elements with inadequate 
representation 
geographic information systems - computer hardware and software for storing, retrieving, 
manipulating, and analyzing spatial data 
Global Positioning System (GPS) - an instrument that utilizes satellite signals to pinpoint 
its location on the earth's surface 
greedy heuristic - an algorithm for exact set cover analysis (see Kiester et al., in press) 
ground truthing - verifying maps by checking the actual occurrence of plant and animal 
species in the field at representative sample locations 
habitat - the physical structure, vegetational composition, and physiognomy of an area, 
the characteristics of which determine its suitability for particular animal or plant species 
hectare - a metric unit of area of 10,000 square meters and equal to 2.47 acres 
hex/hexagon - typically refers to the EPA EMAP hexagonal grid of 635 square kilometer 
units 
hyperclustering - a efficient, interactive method for accurately analyzing and classifying 
remotely-sensed data that reduces data size and computational requirements while 
retaining the integrity of the original data 
lotic - flowing, e.g., water in a stream or river 
metadata - information about data, e.g., their source, lineage, content, structure, and 
availability 
minimum mapping unit - the smallest area that is depicted on a map 
neotropics - the zoo-geographic region stretching southward from the tropic of Cancer 
and including southern Mexico, Central and South America, and the West Indies 
phenology - the study of periodic biological phenomena, such as flowering, breeding, and 
migration, especially as related to climate 
phenotype - the environmentally and genetically determined observable appearance of an 
organism, especially as considered with respect to all possible genetically influenced 
expressions of one specific character  
physiognomic - based on physical features 
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physiographic province - a region having a pattern of relief features or land forms that 
differ significantly from that of adjacent regions 
pixel - the smallest spatial unit in a raster data structure  
polygon - an area enclosed by lines in a vector-based Geographic Information System 
data layer or a region of contiguous homogeneous pixels in a raster system 
preprocessing - those operations that prepare data for subsequent analysis, usually by 
attempts to correct or compensate for systematic, radiometric, and geometric errors 
pro-active - acting in anticipation of an event as opposed to reacting after the fact 
range - the geographic limit of the species 
range unit - a spatial, geographic unit to record and display species geographic range. 
reach - a stream or river segment between inflowing tributaries 
registration, spatial - matching different images to each other by finding points on the 
images that can be matched to known points on the ground 
remote sensing - deriving information about the earth's surface from images acquired at a 
distance, usually relying on measurement of electromagnetic radiation reflected or 
emitted from the feature of interest 
resolution - the ability of a remote sensing system to record and display fine detail in a 
distinguishable manner or: the smallest feature that can be distinguished or resolved on a 
map or image, such as a TM pixel 
scale, map - the ratio of distance on a map to distance in the real word, expressed as a 
fraction; the smaller the denominator, the larger the scale, e.g. 1:24,000 is larger than 
1:100,000  
sensitivity analysis - the consideration of a number of factors involved in the 
mathematical modeling of an ecosystem and its components. These include feedback and 
control, and the stability and sensitivity of the system as a whole to changes in some part 
of the system. Predictions can be made from the analysis. 
simulated annealing - an algorithm used for set coverage analysis (see Kiester et al., in 
press) 
species richness - the number of species of a particular interest group found in a given 
area 
spectral cluster - a group of adjacent pixels that are uniform with respect to their 
brightness values 
supervised classification - the process of classifying TM pixels of unknown identity by 
using samples of known identity (i.e., pixels already assigned to informational classes by 
ground truthing or registration with known land cover) as training data  
101 
synoptic - constituting a brief statement or outline of a subject; presenting a summary 
tessellation - the division of a map into areas of equal and uniform shape such as the 
EPA- EMAP hexagon 
Thematic Mapper - a sensor on LANDSAT 4 and 5 satellites that records information in 
seven spectral bands, has a spatial resolution of about 30 m x 30 m, and represents digital 
values in 256 levels of brightness per band 
transect - a transversely cut line along which physical and biological observations are 
made 
trophic structure - the various levels in a food chain, such as producers (plants), primary 
consumers (herbivores), and secondary consumers (carnivores) 
Universal Transverse Mercator - one of several map projections or systems of 
transformations that enables locations on the spherical earth to be represented 
systematically on a flat map  
Universal Transverse Mercator grid - a geographic reference system used as the basis for 
worldwide locational coding of information in a GIS or on a map 
unsupervised classification - the definition, identification, labeling, and mapping of 
natural groups, or classes, of spectral values within a scene. These spectral classes are 
reasonably uniform in brightness in several spectral channels.  
vector format - a data structure that uses polygons, arcs (lines), and points as fundamental 
units for analysis and manipulation in a Geographic Information System  
virtual reality - a computer-generated simulation of reality with which users can interact 
using specialized peripherals such as data gloves and head-mounted computer graphic 
displays 
wildlife habitat relationship model - a method of linking patterns of known habitat use by 
animal species with maps of existing vegetation, thereby identifying the spatial extent of 
important habitat features for use in conservation and management. 
 
Acronyms 
ACSM American Congress on Surveying and Mapping 
ADAMAS Aquatic Database Management System 
ADEM Alabama Department of Environmental Management 
AML ARC/INFO Macro Language 
ASPRS American Society for Photogrammetry & Remote Sensing 
AVHRR Advanced Very High Resolution Radiometer (satellite system) 
BEST Biomonitoring of Environmental Status and Trends 
BLM Bureau of Land Management 
CAFF Conservation of Arctic Flora and Fauna 
C-CAP Coastwatch Change Analysis Program (NOAA) 
CDC Conservation Data Center 
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CEC Council on Environmental Cooperation 
CENR Committee on Environment and Natural Resources 
CERES California Environmental Resources Evaluation System 
CIESIN Consortium for Internat'l Earth Science Information Network 
CODA Conservation Options and Decision Analysis (software) 
CRMP Coordinated Resource Management Plan 
CRT Cathode ray tube (?) 
CRUC Cooperative Research Unit Center 
DLG-E Digital line graph - enhanced 
DOI Department of the Interior 
EDC EROS Data Center 
ECOMAP The National Hierarchical Framework of Ecological Units mapping project of 
the USDA Forest Service 
EMAP Environmental Monitoring & Assessment Program 
EMAP-LC EMAP-Landscape Characterization (USEPA) 
EMSL Environmental Monitoring & Systems Laboratory (USEPA) 
EMTC Environmental Management Technical Center (NBS) 
EOS Earth Observing System 
EOSAT Earth Observation Satellite Company (the commercial operator of the Landsat 
satellite system) 
EOSDIS EOS Data & Information System 
ERL Environmental Research Laboratory, Corvallis (USEPA) 
EROS Earth Resources Observation Systems (USGS) 
ESRI Environmental Systems Research Institute 
ETM+ Enhanced Thematic Mapper plus 
FGDC Federal Geographic Data Committee 
FTP file transfer protocol 
FY Fiscal Year 
GAO General Accounting Office (Congress) 
GAP Gap Analysis Program 
GCDIS Global Change Data and Information System 
GLIS Global Land Information System (USGS) 
GLOBE Global Learning and Observations to Benefit the Environment 
GPS Global Positioning System 
GRASS Geographic Resources Analysis Support System 
GRIS Geographic Resource Information Systems 
HRMSI High Resolution Multispectral Stereo Imager 
IADNR Iowa Department of Natural Resources 
IALE International Association of Landscape Ecology 
IDRISI A GIS developed by Clark University 
ISU Iowa State University 
LAPS Land Acquisition Priority System 
LC/LU Land Cover/Land Use (USGS) 
MIPS Map and Image Processing System 
MOU Memorandum of Understanding 
MMU Minimum mapping unit 
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MRLC Multi-Resolution Land Characteristics Consortium  
MSS Multi-Spectral Scanner 
MTPE Mission to Planet Earth 
NAFTA North American Free Trade Agreement 
NALC North American Landscape Characterization (USEPA, USGS) 
NAWQA National Water Quality Assessment (USGS) 
NBII National Biological Information Infrastructure 
NBS National Biological Service 
NCCP Natural Communities Conservation Planning program (in CA) 
NDCDB National Digital Cartographic Data Base 
NERC National Ecology Research Center (Ft. Collins, CO) 
NMD National Mapping Division 
NPS National Park Service 
NSDI National Spatial Data Infrastructure 
NSTC National Science and Technology Council 
NWI National Wetlands Inventory (USFWS) 
OMB Office of Management and Budget (Administration) 
OSIS Oregon Species Information System 
PARC Public Access Resource Center 
PI Principal Investigator 
SAB Science Advisory Board (USEPA) 
SCICOLL Scientific Collections Permit Database 
SDTS Spatial Data Transfer Standard 
SGID State Geographic Information Database 
SNEP Sierra Nevada Ecosystem Project 
SOFIA Southern Forest Inventory and Analysis 
SPOT Système Pour l'Observation de la Terre 
RMSE Root mean square error 
TIGER Topologically Integrated Geographic Encoding and Referencing system (used for 
U.S. census) 
TM Thematic Mapper 
TNC The Nature Conservancy 
UNESCO United Nations Educational, Scientific, and Cultural Organization 
URISA Urban and Regional Information Systems Association. 
URL Universal Resource Locator 
USFS US Forest Service 
USFWS US Fish & Wildlife Service 
UTM Universal Transverse Mercator 
UVM University of Vermont 
WHRM Wildlife/habitat relationship model 
WISCLAND Wisconsin Initiative for Statewide Cooperation on Landscape Analysis and 
Data 
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 PRELIMINARY INDEX OF NATURAL VEGETATION ALLIANCES FOR IOWA (Version 4.1, 5/98)1 
 
 John Pearson, Iowa Natural Heritage Inventory 
 Tom Rosburg, Plant Ecologist, Iowa Gap Project 
 Erwin E. Klaas, Principal Investigator, Iowa Gap Project  
 
This index of natural vegetation alliances for Iowa closely follows Drake and Faber-Langedoen's An Alliance Level Classification of the Vegetation of the Midwestern United 
States (DFL) (May 1997). Species enclosed in parentheses may occur in place of or as co-dominants. Page numbers refer to alliance descriptions in DFL. We include 20 
alliances (***) that were described in DFL but Iowa was omitted from the geographic range.  We also include 8 alliances (###) that were not described in DFL. An early draft 
of this index was reviewed by a panel of botanists (John Pearson, Tom Rosburg, Susan Galatowitsch, Donald Farrar, and William Norris). Pearson, Rosburg and Klaas then 
reviewed all comments and prepared version 4.0. Shading indicates names of species added by the authors to DFL's nomenclature; deletions are indicated by strike outs.  
CLASS CLASS 
CODE 
 
Formation   Formation 
code  
 
I    FOREST (Generally, >60% canopy of tree species with crowns interlocking.) PAGE 
  
I.A.8.N.b.   Rounded-crowned temperate or subpolar needle-leaved evergreen forest 
1. Pinus strobus Forest Alliance .............................................................................................................................................................41 
 
I.A.8.N.c.   Conical-crowned temperate or subpolar needle-leaved evergreen forest 
2. ### Juniperus virginiana Forest Alliance   (Not listed as a forest alliance in DFL but see comments under Woodland p. 177) .......................................................... 
 
I.B.2.N.a.   Lowland or submontane cold-deciduous forest  (Note: "lowland" here does not mean bottomland) 
3. Acer saccharum (A. nigrum) - Tilia americana - (Quercus rubra) Forest Alliance (A. nigrum may occur in central Iowa) .......................................................65 
4. *** Fraxinus pennsylvanica - (Ulmus americana - Julgans nigra - Celtis occidentalis - Robinia pseudoacacia - Acer negundo - Populus spp. )2 Forest Alliance (Usually 
occurs on distrubed sites) 73 
5. Quercus alba - (Quercus rubra, Carya spp.) Forest Alliance ...............................................................................................................................77 
6. Quercus macrocarpa Forest Alliance ...........................................................................................................................................................81 
7. *** Quercus muehlenbergii Forest Alliance ........................................................................................................................................................83 
8. *** Quercus rubra - Acer saccharum - (Quercus alba spp.) Forest Alliance ..................................................................................................................86 
Quercus velutina  - Quercus ellipsoidalis Forest Alliance (In Iowa these species seldom occur together as co-dominants) .......................................................93 
9. ### Quercus imbricaria Forest Alliance (Occurs along edges of limestone bluffs in eastern Iowa) ........................................................................................... 
I.B.2.N.b.   Montane or boreal cold-deciduous forest 
PRELIMINARY INDEX OF NATURAL VEGETATION ALLIANCES FOR IOWA (Draft 3/98) 
 
 
 2 
10. Populus tremuloides (Populus grandidentata) Forest Alliance ..............................................................................................................................99 
 
I.B.2.N.d.   Temporarily flooded cold-deciduous forest  (This formation is usually bottomland/floodplain forest) 
11. ***  Acer negundo - (Gleditsia triacanthos - Crataegus spp.) Forest Alliance (Usually occurs on disturbed sites)................................................................. 10112. A
13. Betula nigra - (Platanus occidentalis) Temporarily Flooded Forest Alliance ........................................................................................................... 107 
14. Fraxinus pennsylvanica - Ulmus americana - (Celtis occidentalis, laevigata - Juglans nigra)2 Temporarily Flooded Forest Alliance......................................... 113 
15. Populus deltoides Temporarily Flooded Forest Alliance ................................................................................................................................... 115 
16. ***  Quercus macrocarpa - Quercus bicolor - (Carya laciniosa) Temporarily Flooded Forest Alliance ................................................................................ 120 
17. ***  Salix nigra (S. amygdaloides) Temporarily Flooded Forest Alliance .................................................................................................................... 121 
 
I.B.2.N.e.   Seasonally flooded cold-deciduous forest 
18. ***  Quercus palustris - (Quercus bicolor) Seasonally Flooded Forest Alliance ............................................................................................................ 127 
 
I.C.3.N.a.   Mixed needle-leaved evergreen - cold-deciduous forest 
19. ###  Juniperus virginiana - Quercus macrocarpa Forest Alliance (Occurs on distrubed prairie sites lacking periodic fire)................................................................ 
 
 
II   WOODLAND (Open stands of tree species with 25-60% canopy cover.) 
 
 
II.A.4.N.b.   Conical-crowned temperate or subpolar needle-leaved evergreen woodland 
20. ***  Juniperus virginiana Woodland Alliance (see comments in DFL, p. 177, common in Iowa on disturbed prairies and pastures)............................................... 177 
 
II.B.2.N.a.   Cold-deciduous woodland 
21. Quercus macrocarpa - Quercus (alba, velutina) Woodland Alliance..................................................................................................................... 191 
22. Quercus macrocarpa Woodland Alliance..................................................................................................................................................... 193 
23. Quercus muehlenbergii Woodland Alliance .................................................................................................................................................. 195 
 
II.B.2.N.b.   Temporarily flooded cold-deciduous woodland 
24. ***  Populus deltoides Temporarily Flooded Woodland Alliance ............................................................................................................................. 199 
 
 
II.C.3.N.a.   Mixed needle-leaved evergreen - cold-deciduous woodland 
25. ###  Juniperus virginiana - (Quercus macrocarpa) Woodland Alliance (Occurs on prairies in the absence of periodic fire) .............................................................. 
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III   SHRUBLAND (Generally shrubs >0.5 m tall forming >25% cover with <25% tree cover.) 
 
 
III.B.2.N.a. Temperate cold-deciduous shrubland 
26. ###  Cornus spp. - Rhus spp. - (Symphoricarpus spp.) Shrubland Alliance ....................................................................................................................... 
 
III.B.2.N.d. Temporarily Flooded Shrubland Alliance 
27. Salix exigua (=S. interior) Temporarily Flooded Shrubland Alliance ................................................................................................................... 232 
 
III.B.2.N.e.  Seasonally flooded cold-deciduous shrubland 
28. Alnus incana Seasonally Flooded Shrubland Alliance ...................................................................................................................................... 238 
29. Cornus sericea spp. - Salix spp. Seasonally Flooded Shrubland Alliance................................................................................................................ 241 
 
III.B.2.N.f.   Semipermanently flooded cold-deciduous shrubland 
30. Cephalanthus occidentalis Semipermanently Flooded Shrubland Alliance .............................................................................................................. 243 
 
III.B.2.N.g.   Saturated cold-deciduous shrubland 
31. Betula pumila - (Salix spp.) Saturated Shrubland Alliance ................................................................................................................................. 245 
 
 
IV   DWARF-SHRUBLAND 
 
None in Iowa 
 
 
 
 
 
 
 
V   HERBACEOUS VEGETATION (<25% canopy cover made up of trees or shrub species. Herbs form at least 25% of canopy cover.) 
 
 
V.A.5.N.a.   Tall sod temperate grassland 
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32. Andropogon gerardii - (Calamagrostis canadensis, Panicum virgatum) Herbaceous Alliance ....................................................................................... 258 
33. Andropogon gerardii - (Sorghastrum nutans) Herbaceous Alliance....................................................................................................................... 260 
34. Andropogon gerardii - Schizachyrium scoparium - Sorghastrum nutans Herbaceous Alliance ....................................................................................... 266 
 
V.A.5.N.c.   Medium-tall sod temperate or subpolar grassland 
35. Schizachyrium scoparium  (Sporobolus cryptandrus, Lithospermum carolinense, Cyperus schweinitzii)  Herbaceous Alliance (Sand Prairies).............................. 277 
36. Schizachyrium scoparium - Bouteloua curtipendula Herbaceous Alliance ............................................................................................................... 279 
 
V.A.5.N.j.   Temporarily flooded temperate or subpolar grassland 
37. ***  Andropogon gerardii - (Calamagrostis canadensis, Sorghastrum nutans) Temp. Flooded Herbaceous Alliance.................................................................. 291 
38. Carex lanuginosa Temporarily Flooded Herbaceous Alliance............................................................................................................................. 292 
39. Spartina pectinata Temporarily Flooded Herbaceous Alliance............................................................................................................................ 302 
 
V.A.5.N.k.   Seasonally flooded temperate or subpolar grassland 
40. ***  Calamagrostis canadensis Seasonally Flooded Herbaceous Alliance .................................................................................................................... 304 
41. Carex atherodes (Carex vesicaria) Seasonally Flooded Herbaceous Alliance........................................................................................................... 310 
42. Carex lacustris Seasonally Flooded Herbaceous Alliance.................................................................................................................................. 312 
43. *** Carex (rostrata, utriculata) Seasonally Flooded Herbaceous Alliance .................................................................................................................. 306 
44. Carex stricta (Carex haydenii) Seasonally Flooded Herbaceous Alliance ............................................................................................................... 313 
45. Cladium mariscoides Seasonally Flooded Herbaceous Alliance  (C. mariscoides does not occur in Iowa)......................................................................... 315 
46. ***  Phalaris arundinacea Seasonally Flooded Herbaceous Alliance ......................................................................................................................... 317 
47. ***  Scirpus fluviatilis Seasonally Flooded Herbaceous Alliance .............................................................................................................................. 320 
48. ***  Typha spp. - (Scirpus spp. - Juncus spp.) Seasonally Flooded Herbaceous Alliance ................................................................................................. 324 
 
V.A.5.N.l.   Semipermanently flooded temperate or subpolar grassland 
49. ***  Phragmites australis Semipermanently Flooded Herbaceous Alliance .................................................................................................................. 326 
50. ###  Sagittaria latifolia (S. rigida) Semipermanently Flooded Herbaceous Alliance (Common in Mississippi River backwaters) ........................................................ 
51. Scirpus acutus (S. fluviatilis, tabernaemontani)2............................................................................................................................................. 328 
52. Typha (angustifolia, latifolia) - (Scirpus spp.) Semipermanently Flooded Herbaceous Alliance ..................................................................................... 334 
53. Zizania (aquatica, palustris) Semipermanently Flooded Herbaceous Alliance.......................................................................................................... 336 
V.A.5.N.m.   Saturated temperate or subpolar grassland 
54. Carex lanuginosa - (C. nebrascensis) - Scirpus spp. Saturated Herbaceous Alliance.................................................................................................. 340 
55. ###  Carex stricta Saturated Herbaceous Alliance (Rich Fen) ....................................................................................................................................... 
56. Carex oligosperma - Carex lasiocarpa (Spagnum spp.) Saturated Herbaceous Alliance (Poor Fen) ................................................................................ 343 
57. ***  Carex spp. - Typha spp. Saturated Herbaceous Alliance .................................................................................................................................. 344 
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58. Carex spp. - Rhynchospora capillacea - Lobelia kalmii2 Saturated Herbaceous Alliance (Calcareous Fen)........................................................................ 345 
 
V.A.6.N.c.   Tall temperate grassland with a sparse cold-deciduous tree layer  ("Savanna") 
59. ***  Populus deltoides Wooded Herbaceous Alliance (P. deltoides occasionally invades moist prairie sites) .......................................................................... 346 
60. Quercus macrocarpa - (Quercus alba) Wooded Herbaceous Alliance ................................................................................................................... 347 
61. Quercus velutina - (Quercus ellipsoidalis) Wooded Herbaceous Alliance ............................................................................................................... 349 
 
V.A.6.N.f.   Medium-tall temperate or subpolar grassland with a sparse needle-leaved evergreen or mixed tree layer ("Savanna") 
62. Schizachyrium scoparium - Bouteloua curtipendula (Juniperus virginiana - Quercus spp.) Evergreen or Mixed Wooded Herbaceous ....................................... 355 
 
V.A.7.N.p.   Saturated temperate or subpolar grassland with a sparse cold-deciduous shrub layer 
63. Pentaphylloides floribunda / Carex (flava, interior, lasiocarpa, sterilis) Saturated Shrub Herbaceous Alliance (Not known to occur in Iowa) ............................. 373 
 
V.B.2.N.a.   Tall temperate or subpolar perennial forb vegetation 
64. Impatiens pallida - Cystopteris bulbifera - Adoxa moschatellina Herbaceous Alliance ................................................................................................ 376 
 
V.B.2.N.d.   Temporarily flooded temperate or subpolar perennial forb vegetation 
65. ***  Polygonum spp. - Mixed Forb Temporarily Flooded Herbaceous Alliance ............................................................................................................ 380 
 
V.B.2.N.e.   Semipermanently flooded temperate perennial forb vegetation 
66. ***  Nelumbo lutea Semipermanently Flooded Herbaceous Alliance ......................................................................................................................... 382 
67. Symplocarpus foetidus - Caltha palustris Saturated Herbaceous Alliance ............................................................................................................... 383 
 
V.C.2.N.a.   Permanently flooded temperate or subpolar hydromorphic rooted vegetation 
68. Nuphar lutea - Nymphaea odorata Permanently Flooded Herbaceous Alliance......................................................................................................... 385 
69. Potamogeton spp. - Ceratophyllum spp. - (Myriophyllum spp. - Elodea spp.)2 Permanently Flooded Herbaceous Alliance..................................................... 388 
70. Ruppia maritima Permanently Flooded Herbaceous Alliance (Rare or non-existent) .................................................................................................. 390 
71. Vallisneria americana Permanently Flooded Herbaceous Alliance (Restricted to Mississippi River) ............................................................................... 391 
 
VI   NONVASCULAR VEGETATION 
 
None in Iowa 
  
1This is a working draft of the Natural Vegetation Alliances for Iowa. Occurrence and distribution of many of the alliances listed have not been verified.      This document 
should not be cited without first contacting the authors. 
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2Species presence and order of dominance variable; often occurring on disturbed sites. 
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Cooperative Fish and Wildlife Research Unit and National Gap Analysis Program.  The Nature Conservancy, Midwest Conservation Science Department, Minneapolis, 
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WORKING LIST OF LAND COVER MAP LABELS FOR IOWA GAP ANALYSIS (Draft 7/30/01, Ver. 1.7) 
 
WORKING LIST OF LAND COVER MAP LABELS FOR IOWA GAP ANALYSIS (5/15/01) (Version 1.7) - Draft 
 
This land cover classification is derived from an Index of Natural Vegetation Alliances for Iowa (Pearson et al. 1998, Version 4.0). Agriculture, non-vegetated (artificial) 
land cover and open water classes have been added. This list is simplified to show only the map labels used to classify land cover for Iowa Gap Analysis. The five-digit 
alpha numeric codes follow the National Vegetation Classification Standard (Federal Geographic Data Center).  From left to right, each single digit represents the 
following categories: Classes: 1 Forest, 2 Woodland, 3 Shrubland, 4 Dwarf Shrubland (none in Iowa), 5 Herbaceous, 6 Non-Vascular Vegetation (None in Iowa), 7 
Sparse Vegetation and Artificial, 8 Agriculture (Cropland), 9 Open Water. Subclasses: A-E. Groups: 1-8, Subgroups: N Natural or Semi-Natural, C Cultivated or 
Planted, Z Both Natural and Cultivated. Formations: a-k, z includes more than one formation.    
 
DIVISION - VEGETATED MAP LABEL      CODE 
 
1. CLASS - FOREST (Generally, >60% canopy of tree species with crowns interlocking.)   
 
FORMATION - Round-crowned temperate or subpolar needle-leaved evergreen forest Pine Forest       1A8Zb 
 
Pinus strobus Forest Alliance  
 
FORMATION - Conical-crowned temperate or subpolar needle-leaved evergreen forest Eastern Red Cedar Forest       1A8Nc 
 
Juniperus virginiana Forest Alliance 
 
FORMATIONS - Round-crowned and conical-crowned evergreen forest Evergreen Forest       1A8Zz 
 
FORMATION - Lowland or submontane cold-deciduous forest  (Note: "lowland" here does not mean bottomland) Upland Deciduous Forest       1B2Nz 
 
Acer saccharum (A. nigrum) - Tilia americana - (Quercus rubra) Forest Alliance  
Quercus rubra - Acer saccharum - (Quercus spp.) Forest Alliance 
Fraxinus pennsylvanica - Ulmus americana - (Juglans nigra - Celtis occidentalis - Robinia pseudoacacia - Acer negundo 
- Populus spp.) Forest Alliance (Any of the 7 species may become dominant after severe disturbance) 
Quercus alba - (Quercus rubra, Carya spp.) Forest Alliance  
Quercus macrocarpa Forest Alliance  
Quercus muehlenbergii Forest Alliance (Chinquapin Oak Alliance) 
Quercus velutina  - (Quercus ellipsoidalis) Forest Alliance  
Quercus imbricaria Forest Alliance (Shingle Oak Alliance) 
 
FORMATION - Montane or boreal cold-deciduous forest      
 
Populus tremuloides (Populus grandidentata) Forest Alliance  
 
FORMATION - Temporarily flooded cold-deciduous forest Temporarily Flooded Forested Wetland       1B2Nd 
 
Acer saccharinum Temporarily Flooded Forest Alliance  
Acer negundo - (Gleditsia triacanthos - Crataegus spp.) Forest Alliance   
Betula nigra - (Platanus occidentalis) Temporarily Flooded Forest Alliance   
Populus deltoides Temporarily Flooded Forest Alliance  
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Salix nigra (S. amygdaloides) Temporarily Flooded Forest Alliance  
Fraxinus pennsylvanica - Ulmus americana - (Celtis occidentalis- Juglans nigra) Temporarily Flooded Forest Alliance  
Quercus macrocarpa - Quercus bicolor - (Carya laciniosa) Temporarily Flooded Forest Alliance  
 
FORMATION - Seasonally flooded cold-deciduous forest Seasonally Flooded Forested Wetland       1B2Ne 
 
Quercus palustris - (Quercus bicolor) Seasonally Flooded Forest Alliance  
 
FORMATION - Mixed needle-leaved evergreen - cold-deciduous forest Mixed Evergreen/Deciduous Forest       1C2Za 
 
Pinus strobus - Quercus spp. Forest Alliance 
Juniperus virginiana - Quercus spp. Forest Alliance  
 
2.  CLASS - WOODLAND (Open stands of tree species with 25-60% canopy cover) 
 
FORMATION - Conical-crowned temperate or subpolar needle-leaved evergreen woodland Eastern Red Cedar Woodland       2A4Nc 
 
Juniperus virginiana Woodland Alliance 
 
FORMATION - Cold-deciduous woodland Upland Deciduous Woodland       2B2Na 
 
Quercus macrocarpa - Quercus (alba, velutina) Woodland Alliance  
Quercus macrocarpa Woodland Alliance  
Quercus muehlenbergii Woodland Alliance 
 
FORMATION - Temporarily flooded cold-deciduous woodland Temporarily Flooded Deciduous Woodland       2B2Nb 
 
Populus deltoides Temporarily Flooded Woodland Alliance 
 
FORMATION - Mixed needle-leaved evergreen - cold-deciduous woodland Mixed Evergreen/Deciduous Woodland       2C3Za 
 
Juniperus virginiana - (Quercus macrocarpa) Woodland Alliance  
 
3.  CLASS - SHRUBLAND (Generally shrubs >0.5 m tall forming >25% cover with <25% tree cover.) 
 
FORMATION - Temperate cold-deciduous Shrubland Upland Shrub       3B2Na 
 
Cornus spp. - Rhus spp. - (Symphoricarpos spp.) Shrubland Alliance  
 
FORMATION - Temporarily flooded shrubland Temporarily Flooded Shrub       3B2Nd 
 
Salix exigua (=S. interior) Temporarily Flooded Shrubland Alliance  
 
FORMATION - Seasonally flooded cold-deciduous shrubland Seasonally Flooded Shrub       3B2Ne 
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Alnus incana Seasonally Flooded Shrubland Alliance  
Cornus spp. - Salix spp. Seasonally Flooded Shrubland Alliance 
 
FORMATION - Semi-permanently flooded cold-deciduous shrubland Semi-permanently Flooded Shrub       3B2Nf 
 
Cephalanthus occidentalis Semi-permanently Flooded Shrubland Alliance 
 
FORMATION - Saturated cold-deciduous shrubland Saturated (Bog or Swamp) Shrub       3B2Ng 
 
Betula pumila - (Salix spp.) Saturated Shrubland Alliance  
 
4.  CLASS - DWARF SHRUBLAND (None in Iowa) 
 
5.  CLASS - HERBACEOUS VEGETATION (<25% canopy cover made up of trees or shrub species. Herbs form at least 25% of canopy cover.) 
 
FORMATION - Tall sod temperate grassland Warm Season Grass/Perennial Forb        5A5Zz 
 
Andropogon gerardii - (Panicum virgatum) Herbaceous Alliance 
Andropogon gerardii - (Sorghastrum nutans) Herbaceous Alliance 
Andropogon gerardii - Schizachyrium scoparium - Sorghastrum nutans Herbaceous Alliance 
 
FORMATION - Medium-tall sod temperate or subpolar grassland 
 
Schizachyrium scoparium - Bouteloua curtipendula Herbaceous Alliance (Western Iowa)  
Schizachyrium scoparium  (Lithospermum carolinense, Cyperus schweinitzii) Herbaceous Alliance (Eastern Iowa) 
 
FORMATION - Tall temperate or subpolar perennial forb vegetation 
 
Impatiens pallida - Cystopteris bulbifera - Adoxa moschatellina Herbaceous Alliance (Yellow Touch-Me-Not Perennial Herbaceous Alliance) 
 
FORMATION - Temporarily flooded temperate or subpolar grassland Temporarily Flooded Wetland       5E1Na 
 
Andropogon gerardii - (Calamagrostis canadensis, Sorghastrum nutans)Temporarily Flooded Herbaceous Alliance 
Carex lanuginosa Temporarily Flooded Herbaceous Alliance 
Spartina pectinata Temporarily Flooded Herbaceous Alliance 
 
FORMATION - Temporarily flooded temperate or subpolar perennial forb vegetation  
 
Polygonum spp. - Mixed Forb Temporarily Flooded Herbaceous Alliance  
 
FORMATION - Seasonally flooded temperate or subpolar grassland Seasonally Flooded Wetland       5A5Nk 
 
Calamagrostis canadensis Seasonally Flooded Herbaceous Alliance (Blue Joint Alliance) 
Carex atherodes (Carex vesicaria) Seasonally Flooded Herbaceous Alliance (Awned Sedge Alliance) 
Carex lacustris Seasonally Flooded Herbaceous Alliance (Lake Sedge Alliance) 
Carex (rostrata, utriculata) Seasonally Flooded Herbaceous Alliance (Mixed Sedge Alliance) 
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Carex stricta (Carex haydenii) Seasonally Flooded Herbaceous Alliance (Tussock Sedge Alliance) 
Phalaris arundinacea Seasonally Flooded Herbaceous Alliance (Reed Canary Grass Alliance) 
Scirpus fluviatilis Seasonally Flooded Herbaceous Alliance (River Bulrush Alliance) 
Typha spp. - (Scirpus spp. - Juncus spp.) Seasonally Flooded Herbaceous Alliance (Cattail - Bulrush Alliance) 
 
FORMATION - Semi-permanently flooded temperate or subpolar grassland Semi-permanently Flooded Wetland       5E1Nb 
 
Phragmites australis Semi-permanently Flooded Herbaceous Alliance 
Sagittaria latifolia (S. rigida) Semi-permanently Flooded Herbaceous Alliance 
Scirpus acutus (S. fluviatilis, tabernaemontani) Semi-permanently Flooded Herbaceous Alliance 
Typha (angustifolia, latifolia) - (Scirpus spp.) Semi-permanently Flooded Herbaceous Alliance 
Zizania (aquatica, palustris) Semi-permanently Flooded Herbaceous Alliance  
 
FORMATION - Semi-permanently flooded temperate perennial forb vegetation 
 
Nelumbo lutea Semi-permanently Flooded Herbaceous Alliance 
 
FORMATION - Saturated temperate or subpolar grassland Saturated Wetland       5E1Nz 
 
Carex lanuginosa - Scirpus spp. Saturated Herbaceous Alliance 
Carex stricta Saturated Herbaceous Alliance (Rich Fen) 
Carex lasiocarpa (Spagnum spp.) Saturated Herbaceous Alliance (Poor Fen) 
Carex spp. - Typha spp. Saturated Herbaceous Alliance 
Carex spp. - Rhynchospora capillacea - Lobelia kalmii Saturated Herbaceous Alliance (Calcareous Fen) 
 
FORMATION - Saturated perennial forb vegetation 
 
Symplocarpus foetidus - Caltha palustris Saturated Herbaceous Alliance 
 
FORMATION - Tall temperate grassland with a sparse coniferous or cold-deciduous tree layer  Grassland with sparse shrubs and trees       5A6Nz 
 
Juniperus virginiana Wooded Herbaceous Alliance 
Populus deltoides Wooded Herbaceous Alliance 
Quercus macrocarpa - (Quercus alba) Wooded Herbaceous Alliance 
Quercus velutina - (Quercus ellipsoidalis) Wooded Herbaceous Alliance 
 
FORMATION -  Medium-tall temperate grassland with a sparse coniferous or mixed tree layer 
 
Schizachyrium scoparium - Bouteloua curtipendula (Juniperus virginiana - Quercus spp.) Evergreen or Mixed Wooded Herbaceous  
 
FORMATION - Permanently flooded temperate or subpolar hydromorphic rooted vegetation Permanently Flooded Wetland       5C2Na 
 
Nuphar lutea - Nymphaea odorata Permanently Flooded Herbaceous Alliance  
Potamogeton spp. - Ceratophyllum spp. - (Myriophyllum spp. - Elodea spp.) Permanently Flooded Herbaceous Alliance  
Ruppia maritima Permanently Flooded Herbaceous Alliance  
Vallisneria americana Permanently Flooded Herbaceous Alliance  
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6.  NON-VASCULAR VEGETATION (None in Iowa) 
 
7.  CLASS - SPARSE VEGETATION  (Vegetation typically <10%) 
 
Open bluff/cliff (sandstone/limestone), algific and limestone-dolomite talus slopes, sand/mud/soil Sparsely Vegetated/Barren       7A1Na 
Barren/mixed vegetation, mapping artifact group of barren, crop, forest, grass Barren/Mixed Vegetation        7A1Zz 
Artificial/high density vegetation Artificial/High Vegetation       7A1Cb 
Artificial/low density vegetation Artificial/Low Vegetation       7A1Cc 
 
8.  CLASS - AGRICULTURAL LANDS 
 
Cool Season Grassland (Smooth brome, forage crops, pasture) Cool Season Grass       8D2Ca 
Cropland (Corn, soy bean, sorghum, fallow fields) Cropland       8D2Cb 
 
DIVISION - WATER 
 
9.  CLASS - OPEN WATER Open Water       9A1Za 
 
Freshwater lakes 
Riverine (streams, rivers, canals) 
 
   
 
1This is a working draft of the land cover map labels for the Iowa Gap Analysis Program.  This document should not be cited without first contacting Erwin E. Klaas, 
Co-PI, Iowa Gap Analysis. 
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Iowa Land Cover Atlas 
1B2NzUpland Deciduous Forest 
 
Formation:  Lowland or submontane cold-deciduous forest 
 
Canopy Species 
White Oak (Quercus alba) 
Bur Oak (Quercus macrocarpa) 
Red Oak (Quercus rubra) 
Sugar Maple (Acer saccharum) 
Basswood (Tilia americana) 
Hickory (Carya spp.) 
Hackberry (Celtis occidentalis) 
Black Walnut (Juglans nigra) 
 
Iowa Description 
Other canopy and sub-canopy trees include any 
deciduous trees commonly found in Iowa.  
Stands in the alliance are found on all aspects 
and can be found in landscapes varying from 
nearly level to steeply sloping.  This map unit 
contains the naturally occurring oak-hickory and 
maple-basswood alliances.  It also contains 
disturbance forests associated with logging and 
grazing typified by Box Elder, Black Locust, 
American Elm or Black Walnut. 
 
NVCS Reference: 1B2Na 
 
NVCS Description: None, aggregation of alliances. 
 
 
 
 
State Range: Stands are found statewide on a variety of natural and disturbed upland sites. 
  
Total Area 
2,053,873 acres 
   831,202 hectares 
         5.71 pct. of state 
Due to image resolution, vegetation locations are approximate.  Less common map labels may be visually underrepresented. 
IOWA GAP PROJECT — VEGETATION SURVEY FORM 
 
1 — General Data: 
 
Date:         
 
Data Collector:      
 
Agency:        
 
Phone No.        
County:        
 
Site Name:   Polygon#:  
 
Legal Description:      
(Township-Range-Section-¼ of ¼ of ¼) 
 
UTM Coordinates:      
  OR 
Latitude/Longitude:      
 
2 — Topography: 
 
 Narrow Ridgetop/Hogback (NR) 
 
 Wide Table Ridge (WR) 
 
 Level Upland Plain (UP) 
 
 Steep Slope (SS) 
 
 Gentle Slope (GS) 
 
 Depression Basin (DB) 
 
 Narrow Creek Bottom (NB) 
 
 Wide Bottomland (WB) 
 
 Other — briefly describe: 
 
Slope Aspect:  None (fairly level) N NW NE E 
(circle one)     S SW SE W 
 
3 — Map:   1) Preferred — locate polygon center and boundary on a copy of an aerial section photo from Farm 
Service Agency and attach. 
   2) If no aerial photo available, locate the polygon center and boundary on the ¼ section map outline 
below. 
|<-----------------0.5mi---------------->| 
Notes: 
 Section:               Quarter 
section: 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 — Vegetation: Using the accompanying key, determine the alliance for this polygon:    
 
How confident are you of your assessment?  High confidence  Medium   Low 
 
Comments: 
 
 
 
Please complete information on reverse side. 
Vegetation Rapid Assessment 
 
1 — Tree Canopy Cover Indicate the percent of the polygon area that is covered by a canopy of trees or saplings.  
Then indicate the primary species in the canopy. 
 
    0-10%   11-25%  25-40%     ____41-60%     ____61-75%     ____76-100% 
 
25% or more canopy cover 
 
 
 
 
 
 
 
 
 
 
less than 25% canopy cover 
 
 
 
 
 
 
 
 
 
 
 
2 — Shrub Cover: Indicate the percent of the polygon area that is shaded by shrubs or twining vines (i.e. sumac, 
     hazelnut, dogwood, alder, buttonbush, willow, poison ivy) and the primary species in the canopy. 
 
    <5%   6-15%  16-25%  26-50%     _____51-75%     ____76-100% 
 
25% or more canopy cover 
 
 
 
 
 
 
less than 25% canopy cover 
 
 
 
 
 
 
 
3 — Woody Cover by Grazing Indicators:  Indicate the percent of the polygon area that is shaded by any of  
  the following(all species combined): Circle any species present. 
cultivated honeysuckle 
multiflora rose 
hawthorn 
gooseberry 
honey locust 
prickly ash 
European buckthorn 
barberry 
 
 <5%   6-15%  16-25% ____26-50%     ____51-75%  76-100% 
 
4 — Herbaceous Cover Indicate the percent of the polygon area that is covered by herbaceous species.  List the 
common name for up to 10 species that are most frequently seen. (Examples: big bluestem, 
indiangrass, brome, switchgrass, cattail, bulrush, sedge, sunflowers, nettle) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please complete information on reverse side.   Thank you! 
 
 
Appendix A.5  Accuracy assessment locations from the Iowa DNR (4,983 polygons) 
Urban Cropland Grass Forest Water Wetlands Barren Total User % NLCD
Urban 1045341 367718 249865 65774 7678 8808 28388 1773572 58.94
Cropland 714934 90561160 4340061 975633 24039 259390 9341 96884558 93.47
Grass 1832657 18957560 20469349 3515944 54380 563880 23408 45417178 45.07
Forest 286875 1668903 1929132 6939199 76994 531687 4181 11436971 60.67
Water 33907 267231 150779 244151 1007548 237952 9375 1950943 51.64
Wetlands 38762 596155 314597 579506 240509 1444538 5336 3219403 44.87
Barren 75660 793610 133967 88118 48190 45451 9830 1194826 0.82
Total 4028136 113212337 27587750 12408325 1459338 3091706 89859 161877451
Producer % 25.95 79.99 74.20 55.92 69.04 46.72 10.94
GAP Overall Accuracy 75%
121476965 75.04255
Urban Cropland Grass Forest Water Wetlands Barren No Data Total User % NRCS
Urban 11570 42 24 70 3 1 2242 43 13995 82.67
Cropland 535 70666 4843 595 53 174 739 1463 79068 89.37
Grass 4044 4772 21947 3626 62 1834 501 1265 38051 57.68
Forest 491 261 1199 27394 54 943 58 427 30827 88.86
Water 6 49 162 138 15369 7416 549 135 23824 64.51
Wetlands 0 169 394 3868 380 4914 233 147 10105 48.63
Barren 593 283 210 55 68 255 761 84 2309 32.96
Total 17239 76242 28779 35746 15989 15537 5083 3564 198179
Producer % 67.12 92.69 76.26 76.64 96.12 31.63 14.97
GAP Overall Accuracy 77%
GIS layers prepared as inputs to the vertebrate modeling process, all in Arc/Info grid (raster) format, 
30 meter resolution.   
 
Layer Description Grid Names 
land cover 29 cover types ialandcovc 
     
Hydrology    
lake buffer lakes buffered 120 meters ialakebuf 
stream order buffer buffer width based on stream order strmbuff 
wetlands buffer 
herbaceous and shrubland wetlands buffered 
120 meters 
v52buff, v53buff, 
v54buff, v55buff, 
v71buff, v72buff, 
v73buff, v74buff, 
v75buff 
all wetlands buffer all wetlands buffered 120 meters wetbufall 
all water buffer 
merge of lake buffer and water buffer to get 
all open water allwaterbuf 
     
Ecotones    
forest/crop 
intersection of forest and crop classes, each 
buffered 90 meters forcrop 
forest/grass 
intersection of forest and grass classes, each 
buffered 90 meters forgrass 
crop/grass 
intersection of crop and grass classes, each 
buffered 90 meters cropgrass 
     
Core Areas    
grass warm/cool grass classes shrunk in 60 meters gras2cor 
forest forest classes shrunk in 60 meters forcore 
     
Miscellaneous    
rocky outcrops 
Soil values in attribute Muname indicating 
rocks rocks 
sandy soils 
Soil values in attribute Textsurhor indicating 
sand sandsoil 
gravely soils 
Soil values in attribute Textsurhor indicating 
gravel sandgrvl 
highways buffer width based on road type  hiwaybuf 
west aspect 
elevation derived values corresponding to 
SW, W, and NW waspect 
south aspect 
elevation derived values corresponding to SE, 
S, and SW saspect 
 
Vertebrate Data Sources 
 
 
General Sources 
 
Amphibians & Reptiles  Dr. James Christiansen, Drake University 
     Eugenia Farrar, ISU 
Jane Hey, Morningside College 
 
Birds     Iowa Breeding Bird Atlas Data, 1996 
 
Mammals    Mammals of Iowa: Holocene to the end of the 20th Century, 
by J. B. Bowles, D. I. Howell, R.P. Lampe, and H.P. Whidden, 
1998. Journal of Iowa Academy of Science. 
 
 
Specific Sources 
 
Frog and Toad Call Surveys  IDNR (volunteers) 
(These data points not used in modeling and reserved for accuracy assessment research) 
 
Otter Survey    IDNR (biologists and volunteers) 
 
Bobcat Data    IDNR (biologists and volunteers) 
 
Rookery Data (herons, cormorants) IDNR (biologists and volunteers) 
 
Eagle Nest Site Data   IDNR (biologists and volunteers) 
 
Natural Areas Inventory (NAI) IDNR (biologists and researchers) 
 
E-Map Hexagon Coverage for Iowa
Each Hexagon = 635 km square in size
 
IA-GAP Vertebrate Habitat Researchers 
IA-GAP Vertebrate Habitat Models and Database Development: 
Erwin E. Klaas, Professoressor Emeritus, Department Animal Ecology, ISU 
Katherine L. Andersen, MS, Research Associate, Department Animal Ecology, ISU 
 
 
Reviewers: 
 
Mammals 
John B. Bowles, retired Professor, Central College 
Bruce Ehresman, IDNR, Wildlife Diversity Program 
Pat Schlarbaum, IDNR, Wildlife Diversity Program 
Daryl Howell, IDNR, Parks, Recreation and Preserves Division 
Brent Danielson, Professor, Department Animal Ecology, ISU 
Jim Stroh, Professor, Morningside College 
Richard Lampe, Professor, Buena Vista University 
Howard (Sandy) Whidden, Professor, Augustana College 
 
Birds 
Jim Dinsmore, Professor, Department Animal Ecology, ISU 
Rolf Koford, Professor, Department Animal Ecology, ISU 
Bruce Ehresman, IDNR, Wildlife Diversity Program 
 
Herpetiles 
James L. Christiansen, Professor, Drake University 
Bruce Ehresman, IDNR, Wildlife Diversity Program 
Eugenia Farrar, Professor, Iowa State University 
Jane Hey, Professor, Morningside College 
Neil Bernstein, Professor, Mount Mercy College 
Paul Bartelt, Professor, Waldorf College 
Curtis Eckerman, Graduate Student, Department Zoology/Genetics, ISU 
Jeff LeClere, Herpetile Researcher, MNDNR, St. Paul, MN 
 
Appendix B.5.  Number of species per land cover class shown by taxa and total species. 
 
Land Cover Class Amphibians Birds Mammals Reptiles Total Species 
Artificial/High Vegetation 12 78 40 13 143
Artificial/Low Vegetation 4 6 6 4 20
Barren/Mixed Vegetation 1 6 7 10 24
Cool Season Grass 14 85 37 32 168
Cropland 9 51 20 9 89
Eastern Red Cedar Forest 8 62 29 23 122
Eastern Red Cedar Woodland 8 61 29 28 126
Evergreen Forest 8 58 29 22 117
Grassland With Sparse Shrubs and Trees 13 72 40 31 156
Mixed Evergreen/Deciduous Forest 9 90 37 22 158
Mixed Evergreen/Deciduous Woodland 9 90 37 28 164
Open Water 20 49 11 19 99
Permanently Flooded Wetland 18 54 12 19 103
Pine Forest 8 61 29 22 120
Saturated Shrub 13 34 9 6 62
Saturated Wetland 18 43 10 10 81
Seasonally Flooded Forested Wetland 12 74 23 20 129
Seasonally Flooded Shrub 10 36 11 6 63
Seasonally Flooded Wetland 15 42 11 13 81
Semi-permanently Flooded Shrub 11 33 8 6 58
Semi-permanently Flooded Wetland 18 51 10 11 90
Sparsely Vegetated/Barren 5 8 18 21 52
Temporarily Flooded Forested Wetland 11 77 24 20 132
Temporarily Flooded Shrub 9 29 12 6 56
Temporarily Flooded Wetland 14 18 12 11 55
Upland Deciduous Forest 9 91 37 22 159
Upland Deciduous Woodland 9 91 36 27 163
Upland Shrub 5 52 36 25 118
Warm Season Grass/Perennial Forb 14 81 36 31 162
ha % ha % ha % ha % ha %
FEDERAL
National Park Service (Total) 0 0 524 0.004 0 0 0 0 524 0.004
National Monument 0 0 524 0.004 0 0 0 0 524 0.004
U.S. Army Corps of Engineers (Total) 0 0 0 0 0 0 44,976 0.309 44,976 0.309
Managed Area 0 0 0 0 0 0 44,976 0.309 44,976 0.309
U.S. Fish and Wildlife Service (Total) 0 0 250 0.002 32,456 0.223 684 0.005 33,391 0.229
National Wildlife Refuge 0 0 250 0.002 29,643 0.203 323 0.002 30,216 0.208
Managed Area 0 0 0 0 0 0 361 0.002 361 0.002
Managed Area w/ WRP Easement 0 0 0 0 2,813 0.019 0 0 2,813 0.019
Total Federal Lands 0 0 774 0.006 32,456 0.223 45,660 0.314 78,891 0.542
STATE
Iowa Department of Natural Resources 
(Total)
0 0 422 0.003 14,405 0.099 150,828 1.035 165,654 1.137
State Park or Recreation Area 0 0 0 0 0 0 25,682 0.176 25,682 0.176
State Preserve 0 0 0 0 1,742 0.012 652 0.004 2,394 0.017
Wildlife Area 0 0 422 0.003 12,663 0.085 114,658 0.787 127,742 0.883
Water 0 0 0 0 0 0 9,835 0.068 9,835 0.068
Iowa Department of Transportation (Total) 0 0 0 0 0 0 11 <0.001 11 <0.001
Managed Area 0 0 0 0 0 0 11 <0.001 11 <0.001
State University (Total) 0 0 0 0 12 <0.001 124 0.001 136 0.001
Managed Area 0 0 0 0 0 0 124 0.001 124 0.001
State Preserve 0 0 0 0 12 <0.001 0 0 11 <0.001
State Land (Total) 0 0 0 0 0 0 18 <0.001 18 <0.001
State Preserve 0 0 0 0 0 0 18 <0.001 18 <0.001
Total State Lands 0 0 422 0.003 14,417 0.099 150,981 1.036 165,819 1.138
LOCAL
County Conservation Board (Total) 579 0.004 1648 0.011 20,843 0.143 37,660 0.258 60,731 0.417
County Park or Wildlife Area 284 0.002 169 0.001 17,390 0.119 37,391 0.257 55,235 0.382
Manage Area w/ WRP easement 278 0.002 1405 0.010 2,666 0.018 15 <0.001 4,364 0.030
Land Stewardship Category
TotalStatus 1 Status 2 Status 3 Status 4
Managed Area w/FWS no drainage 
easement
0 0 0 0 16 <0.001 0 0 16 <0.001
Managed Area w/CRP easement 0 0 0 0 68 <0.001 0 0 68 <0.001
State Preserve 17 <0.001 74 0.001 702 0.005 253 0.002 1,046 0.007
Local Government (Total) 0 0 0 0 16 <0.001 0 0 28 <0.001
Managed Area 0 0 0 0 0 0 12 <0.001 12 <0.001
Managed Area w/ WRP easement 0 0 0 0 16 <0.001 0 0 16 <0.001
Municipal Government (Total) 0 0 0 0 48 <0.001 597 0.004 646 0.004
Managed Area 0 0 0 0 0 0 596 0.004 596 0.004
Managed Area w/ WRP easement 0 0 0 0 22 <0.001 0 0 22 <0.001
State Preserve 0 0 0 0 26 <0.001 1 <0.001 27 <0.001
Total Local Lands 579 0.004 1,648 0.011 20,907 0.143 38,257 0.262 61,405 0.421
PRIVATE
Local Land Trust (Total) 989 0.007 0 0 259 0.002 13 <0.001 1,262 0.009
Preserve 989 0.007 0 0 259 0.002 13 <0.001 1,262 0.009
Private (Total) 0 0 0 0 20,887 0.143 14,240,576 97.731 14,261,380 97.875
Managed Area 0 0 0 0 0 0 67 <0.001 67 <0.001
Managed Area w/ ACE easement 0 0 0 0 0 0 17,836 0.122 17,836 0.123
Managed Area w/ FWS no drainage 
easement
0 0 0 0 1,096 0.008 0 0 1,096 0.008
Managed Area w/ WRP easement 0 0 0 0 19,708 0.136 0 0 19,708 0.136
Private w/ no known restrictions 0 0 0 0 0 0 14,222,348 97.606 14,222,348 97.59
State Preserve 0 0 0 0 0 0 325 0.002 325 0.002
The Nature Conservancy (Total) 2,265 0.016 0 0 13 <0.001 8 <0.001 2,286 0.016
State Preserve 30 <0.001 0 0 0 0 0 0 30 <0.001
TNC Preserve 1,765 0.012 0 0 0 0 8 <0.001 1,773 0.012
TNC Easement 438 0.003 0 0 13 <0.001 0 0 451 0.003
TNC Management Agreement 32 <0.001 0 0 0 0 0 0 32 <0.001
Total Private Lands 3,254 0.023 0 0 21,159 0.145 14,240,597 97.731 14,264,928 97.900
Total All Lands 3,833 0.027 2,844 0.020 88,939 0.610 14,475,495 99.343 14,571,043 100
 Appendix D.1.  Area (ha) of predicted distribution for 29 land cover types in Iowa by stewardship category and management status. 
 1A8Nc Eastern Red Cedar Forest  Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.1 14.4 0.0 0.0 14.5 0.13% 
 2 3.0 0.2 0.5 0.0 0.0 0.0 3.6 0.03% 
 3 44.3 15.3 64.8 2.9 0.0 0.0 127.3 1.18% 
 4 39.0 508.6 148.7 7.4 9,975.2 2.1 10,680.9 98.66% 
 Total 86.2 524.1 214.0 24.7 9,975.2 2.1 10,826.3 100% 
 1A8Zb Pine Forest   Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.1 0.4 0.0 0.0 0.5 0.01% 
 2 0.0 0.0 0.6 0.0 0.0 0.0 0.6 0.02% 
 3 8.6 4.1 37.3 5.6 0.0 0.0 55.5 1.63% 
 4 77.5 355.2 102.2 12.4 2,812.1 0.5 3,359.8 98.34% 
 Total 86.0 359.4 140.1 18.4 2,812.1 0.5 3,416.4 100% 
 1A8Zz Evergreen Forest  Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 2.3 12.8 0.0 0.0 15.1 0.09% 
 2 8.0 0.0 5.0 0.0 0.0 0.0 13.1 0.08% 
 3 16.4 57.3 78.0 34.4 0.1 1.3 187.5 1.13% 
 4 206.6 762.5 180.2 9.9 15,203.7 5.6 16,368.4 98.70% 
 Total 230.9 819.8 265.6 57.1 15,203.8 6.8 16,584.0 100% 
 1 
 1B2Nd Temporarily Flooded Forested Wetland  Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 10.3 74.6 0.0 0.0 84.9 0.08% 
 2 0.4 0.0 79.0 0.0 0.0 0.0 79.4 0.07% 
 3 1,593.5 468.5 2,525.0 1,748.3 2.0 8.7 6,346.0 5.81% 
 4 1,799.6 6,212.1 2,421.7 2,198.3 90,068.1 42.8 102,742.7 94.04% 
 Total 3,393.5 6,680.5 5,036.0 4,021.1 90,070.1 51.6 109,252.9 100% 
 1B2Ne Seasonally Flooded Forested Wetland  Percent Status 1 and 2: 0.24% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 2.7 0.0 0.0 2.7 0.01% 
 2 48.5 0.0 24.1 0.0 0.0 0.0 72.6 0.23% 
 3 8,150.1 60.2 454.9 288.3 0.0 0.0 8,953.5 28.53% 
 4 3,582.2 2,898.5 807.2 888.8 14,167.7 14.4 22,358.8 71.23% 
 Total 11,780.8 2,958.8 1,286.2 1,179.7 14,167.7 14.4 31,387.6 100% 
 1B2Nz Upland Deciduous Forest  Percent Status 1 and 2: 0.19% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 97.2 647.9 0.0 0.0 745.1 0.09% 
 2 544.5 50.7 220.0 0.0 0.0 0.0 815.1 0.10% 
 3 785.2 1,325.7 5,229.7 1,374.3 0.5 15.2 8,730.5 1.05% 
 4 3,266.0 37,289.1 9,232.0 1,693.5 769,313.8 117.1 820,911.5 98.76% 
 Total 4,595.7 38,665.4 14,778.9 3,715.7 769,314.2 132.3 831,202.3 100% 
 2 
 1C2Za Mixed Evergreen/Deciduous Forest  Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 13.4 42.8 0.0 0.0 56.2 0.09% 
 2 18.9 1.2 22.1 0.0 0.0 0.0 42.1 0.07% 
 3 38.0 117.4 411.7 92.9 0.0 2.3 662.2 1.04% 
 4 219.7 2,785.5 732.0 44.9 59,184.4 7.8 62,974.3 98.81% 
 Total 276.6 2,904.0 1,179.1 180.5 59,184.4 10.2 63,734.8 100% 
 2A4Nc Eastern Red Cedar Woodland  Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 3.4 0.0 0.0 3.4 0.03% 
 2 0.0 0.0 0.6 0.0 0.0 0.0 0.6 0.01% 
 3 1.1 7.4 21.9 2.8 0.0 0.0 33.1 0.33% 
 4 22.8 203.0 58.5 3.0 9,829.7 0.6 10,117.6 99.63% 
 Total 23.9 210.4 81.0 9.2 9,829.7 0.6 10,154.8 100% 
 2B2Na Upland Deciduous Woodland  Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 8.5 40.3 0.0 0.0 48.8 0.05% 
 2 0.5 1.3 23.4 0.0 0.0 0.0 25.1 0.03% 
 3 283.3 82.4 384.8 379.4 0.1 0.4 1,130.4 1.27% 
 4 396.1 3,475.6 872.6 436.3 82,292.0 15.6 87,488.2 98.64% 
 Total 679.9 3,559.3 1,289.3 856.1 82,292.0 15.9 88,692.5 100% 
 3 
 2C3Za Mixed Evergreen/Deciduous Woodland  Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 1.1 0.0 0.0 1.1 0.02% 
 2 0.0 0.1 0.4 0.0 0.0 0.0 0.5 0.01% 
 3 0.2 7.9 28.9 5.1 0.0 0.4 42.5 0.90% 
 4 22.4 124.5 48.4 3.4 4,473.2 1.0 4,672.9 99.07% 
 Total 22.6 132.5 77.7 9.6 4,473.2 1.4 4,716.9 100% 
 3B2Na Upland Shrubland  Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 1.9 20.7 0.0 0.0 22.6 0.06% 
 2 0.9 2.2 3.9 0.0 0.0 0.0 6.9 0.02% 
 3 16.0 28.9 108.4 38.7 0.1 0.0 192.1 0.54% 
 4 38.5 822.2 208.8 13.1 34,422.6 3.5 35,508.6 99.38% 
 Total 55.4 853.2 322.9 72.5 34,422.7 3.5 35,730.2 100% 
 3B2Nd Temporarily Flooded Shrubland  Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.5 0.8 0.0 0.0 1.4 0.03% 
 2 0.0 0.0 0.5 0.0 0.0 0.0 0.5 0.01% 
 3 50.5 24.7 97.5 78.3 0.0 0.1 251.0 5.75% 
 4 98.6 453.6 66.1 105.1 3,383.3 2.3 4,109.0 94.20% 
 Total 149.1 478.3 164.6 184.2 3,383.3 2.4 4,361.9 100% 
 4 
 3B2Ne Seasonally Flooded Shrubland  Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 1.0 0.0 0.0 1.0 0.02% 
 2 0.0 0.0 1.5 0.0 0.0 0.0 1.5 0.03% 
 3 283.3 19.4 21.5 94.9 0.0 0.0 419.1 9.55% 
 4 380.4 1,148.0 52.8 148.0 2,239.1 0.0 3,968.4 90.40% 
 Total 663.8 1,167.5 75.9 243.8 2,239.1 0.0 4,390.0 100% 
 3B2Nf Semi-permanently Flooded Shrubland  Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00% 
 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00% 
 3 14.9 0.0 0.0 1.1 0.0 0.0 15.9 2.83% 
 4 32.5 430.9 5.2 13.4 64.3 0.0 546.3 97.17% 
 Total 47.3 430.9 5.2 14.5 64.3 0.0 562.2 100% 
 3B2Ng Saturated Shrubland  Percent Status 1 and 2: 0.28% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00% 
 2 0.0 0.0 0.4 0.0 0.0 0.0 0.4 0.28% 
 3 0.0 0.0 3.2 0.3 0.0 0.0 3.5 2.76% 
 4 0.0 0.0 0.0 0.0 123.5 0.0 123.5 96.96% 
 Total 0.0 0.0 3.6 0.3 123.5 0.0 127.4 100% 
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 5A5Nk Seasonally Flooded Wetland  Percent Status 1 and 2: 0.18% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 8.3 17.4 0.0 0.0 25.7 0.06% 
 2 0.1 1.2 48.9 0.0 0.0 0.0 50.1 0.12% 
 3 392.8 335.7 302.0 570.3 0.1 0.5 1,601.4 3.85% 
 4 94.7 1,005.8 408.1 275.1 38,074.4 9.9 39,868.0 95.96% 
 Total 487.5 1,342.7 767.2 862.8 38,074.5 10.4 41,545.2 100% 
 5A5Zz Warm Season Grass  Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 112.7 508.1 0.1 0.0 620.9 0.09% 
 2 1.9 64.5 140.9 0.0 0.0 0.0 207.3 0.03% 
 3 576.7 1,472.4 1,325.6 1,343.8 0.4 0.5 4,719.4 0.67% 
 4 940.9 6,937.7 2,900.4 271.5 689,090.8 36.7 700,178.0 99.21% 
 Total 1,519.5 8,474.7 4,479.6 2,123.5 689,091.2 37.3 705,725.6 100% 
 5A6Nz Grassland With Sparse Shrubs and Trees  Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 19.4 90.4 0.0 0.0 109.8 0.04% 
 2 38.4 7.2 44.4 0.0 0.0 0.0 90.0 0.03% 
 3 214.9 193.1 505.3 353.2 0.0 2.4 1,268.8 0.49% 
 4 540.5 3,879.0 1,192.4 257.0 252,222.3 21.4 258,112.5 99.43% 
 Total 793.8 4,079.3 1,761.5 700.5 252,222.3 23.9 259,581.2 100% 
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 5C2Na Permanently Flooded Wetland  Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.5 28.2 0.0 0.0 28.7 0.08% 
 2 0.0 1.4 15.8 0.0 0.0 0.0 17.3 0.05% 
 3 135.0 77.1 273.2 227.3 0.0 0.0 712.5 1.96% 
 4 92.2 3,309.0 815.3 165.0 31,132.0 2.8 35,516.3 97.91% 
 Total 227.2 3,387.6 1,104.8 420.4 31,132.0 2.8 36,274.8 100% 
 5E1Na Temporarily Flooded Wetland  Percent Status 1 and 2: 0.29% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 16.1 6.0 0.0 0.0 22.1 0.05% 
 2 1.0 0.2 96.5 0.0 0.0 0.0 97.7 0.24% 
 3 362.1 321.4 436.0 681.0 0.1 5.6 1,806.1 4.43% 
 4 99.5 1,281.5 302.1 678.9 36,447.7 6.2 38,815.9 95.27% 
 Total 462.6 1,603.1 850.7 1,365.9 36,447.8 11.8 40,741.8 100% 
 5E1Nb Semi-permanently Flooded Wetland  Percent Status 1 and 2: 0.41% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 7.3 21.8 0.0 0.0 29.1 0.18% 
 2 0.0 14.8 20.3 0.0 0.0 0.0 35.1 0.22% 
 3 256.1 404.6 207.0 375.0 0.1 0.4 1,243.2 7.85% 
 4 1,229.0 3,430.7 293.8 133.3 9,444.0 0.2 14,531.0 91.75% 
 Total 1,485.1 3,850.1 528.4 530.1 9,444.1 0.5 15,838.3 100% 
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 5E1Nz Saturated Wetland  Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 1.7 0.0 0.0 1.7 0.03% 
 2 0.0 0.0 0.5 0.0 0.0 0.0 0.5 0.01% 
 3 0.5 0.1 31.5 7.7 0.0 0.0 39.7 0.75% 
 4 0.1 29.2 10.6 0.4 5,185.6 0.7 5,226.6 99.20% 
 Total 0.5 29.3 42.7 9.7 5,185.6 0.7 5,268.5 100% 
 7A1Cb Artificial/High Vegetation  Percent Status 1 and 2: 0.01% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.5 3.0 0.0 0.0 3.4 0.00% 
 2 0.5 0.1 3.0 0.0 0.0 0.0 3.6 0.00% 
 3 30.2 13.7 40.1 30.8 0.0 0.1 114.8 0.12% 
 4 155.4 489.5 334.4 101.6 94,766.5 4.4 95,851.9 99.87% 
 Total 186.2 503.3 377.9 135.4 94,766.5 4.5 95,973.8 100% 
 7A1Cc Artificial/Low Vegetation  Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.00% 
 2 0.0 0.0 0.8 0.0 0.0 0.0 0.8 0.00% 
 3 8.3 6.2 12.7 15.4 0.0 0.0 42.6 0.07% 
 4 87.1 229.1 143.9 84.1 63,059.6 0.6 63,604.4 99.93% 
 Total 95.4 235.4 157.5 99.5 63,059.6 0.6 63,647.9 100% 
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 7A1Na Sparsely Vegetated/Barren  Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 17.5 26.8 0.0 0.0 44.3 0.04% 
 2 0.5 3.8 47.4 0.0 0.0 0.0 51.7 0.05% 
 3 617.0 372.8 465.7 702.1 0.3 0.0 2,157.8 2.03% 
 4 1,176.2 2,219.0 596.3 433.4 99,506.9 12.9 103,944.7 97.88% 
 Total 1,793.7 2,595.6 1,126.8 1,162.4 99,507.2 12.9 106,198.5 100% 
 7A1Zz Barren/Mixed Vegetation  Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00% 
 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00% 
 3 37.0 19.5 0.7 112.9 0.0 0.0 170.1 12.73% 
 4 0.0 239.6 0.0 0.1 926.2 0.0 1,165.9 87.27% 
 Total 37.0 259.1 0.7 113.0 926.2 0.0 1,336.0 100% 
 8D2Ca Cool Season Grass  Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 157.1 1,175.2 0.1 0.0 1,332.4 0.04% 
 2 61.1 187.7 261.5 0.0 0.0 0.0 510.3 0.02% 
 3 1,410.4 2,895.0 3,301.0 3,541.2 1.4 10.5 11,159.6 0.36% 
 4 1,841.1 18,052.7 8,256.6 2,382.9 3,042,811.1 166.6 3,073,511.1 99.58% 
 Total 3,312.6 21,135.5 11,976.1 7,099.4 3,042,812.6 177.1 3,086,513.4 100% 
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 8D2Cb Cropland   Percent Status 1 and 2: 0.01% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 106.2 508.4 0.1 0.0 614.7 0.01% 
 2 11.8 84.2 543.2 0.0 0.0 0.0 639.2 0.01% 
 3 2,875.1 5,867.0 3,594.2 8,513.1 0.7 15.0 20,865.2 0.24% 
 4 2,167.1 15,571.0 4,445.3 6,429.2 8,668,869.2 10.1 8,697,491.9 99.75% 
 Total 5,054.0 21,522.2 8,688.9 15,450.8 8,668,870.0 25.1 8,719,610.9 100% 
 9A1Za Open Water   Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0.0 0.0 2.5 10.1 0.0 0.0 12.6 0.01% 
 2 33.9 0.3 40.1 0.0 0.0 0.0 74.3 0.04% 
 3 14,147.5 215.2 850.0 466.1 0.5 0.5 15,679.7 8.91% 
 4 26,293.6 35,905.8 3,047.0 1,456.1 93,463.1 122.6 160,288.1 91.04% 
 Total 40,475.0 36,121.2 3,939.6 1,932.3 93,463.6 123.1 176,054.8 100% 
 Grand Total 78,021.8 164,883.1 60,722.4 42,592.8 14,222,558.3 672.4 14,569,450.7 
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 Appendix D.2.  Area (ha) of predicted distribution for 21 amphibian species in Iowa by stewardship category and management status. 
 AAABC01010 NORTHERN CRICKET FROG Acris crepitans blanchardi Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 78 404 0 0 482 0.04% 
 2 72 97 352 0 0 0 520 0.04% 
 3 15,670 1,691 3,850 3,811 1 12 25,036 1.91% 
 4 30,137 44,272 9,133 3,765 1,199,988 276 1,287,571 98.02% 
 Total 45,878 46,061 13,412 7,981 1,199,989 289 1,313,609 100% 
 AAAAA01060 BLUE-SPOTTED SALAMANDER Ambystoma laterale Percent Status 1 and 2: 0.48% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 23 0 0 23 0.10% 
 2 0 0 92 0 0 0 92 0.39% 
 3 0 9 2,031 37 0 0 2,078 8.70% 
 4 0 700 414 18 20,495 57 21,684 90.82% 
 Total 0 710 2,537 78 20,495 57 23,876 100% 
 AAAAA01130 SMALLMOUTH SALAMANDER Ambystoma texanum texanum Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 12 122 0 0 135 0.04% 
 2 0 9 105 0 0 0 114 0.03% 
 3 1,934 1,041 1,288 2,354 1 23 6,641 1.93% 
 4 19,615 25,678 3,625 4,280 284,622 82 337,901 98.00% 
 Total 21,549 26,729 5,030 6,756 284,622 105 344,791 100% 
 1 
 AAAAA01140 TIGER SALAMANDER Ambystoma tigrinum tigrinum Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 141 655 0 0 797 0.03% 
 2 252 143 651 0 0 0 1,046 0.04% 
 3 26,293 5,011 9,608 8,977 3 31 49,923 2.06% 
 4 38,949 87,174 20,203 8,795 2,210,527 452 2,366,100 97.86% 
 Total 65,495 92,328 30,603 18,427 2,210,530 483 2,417,866 100% 
 AAABB01020 AMERICAN TOAD Bufo americanus americanus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 298 928 0 0 1,226 0.04% 
 2 277 160 1,138 0 0 0 1,575 0.05% 
 3 29,067 8,621 13,122 14,966 5 54 65,836 1.89% 
 4 40,540 99,215 23,724 12,565 3,241,827 479 3,418,351 98.03% 
 Total 69,885 107,996 38,283 28,459 3,241,832 533 3,486,988 100% 
 AAABB01050 GREAT PLAINS TOAD Bufo cognatus Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 267 0 0 268 0.08% 
 2 0 0 86 0 0 0 86 0.03% 
 3 407 47 571 1,425 0 5 2,455 0.74% 
 4 432 6,068 978 0 322,197 0 329,675 99.16% 
 Total 838 6,115 1,636 1,693 322,197 5 332,484 100% 
 2 
 AAABB01182 WOODHOUSE'S TOAD Bufo woodhousii fowleri Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 5 40 0 0 45 0.04% 
 2 0 0 11 0 0 0 11 0.01% 
 3 1,930 517 395 907 0 4 3,753 2.96% 
 4 13,226 2,291 605 55 106,774 0 122,951 97.00% 
 Total 15,156 2,808 1,017 1,002 106,774 4 126,760 100% 
 AAABB01184 WOODHOUSE'S TOAD Bufo woodhousii woodhousii Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 300 0 0 300 0.06% 
 2 0 0 89 0 0 0 89 0.02% 
 3 513 47 609 1,530 0 0 2,699 0.56% 
 4 495 7,346 2,157 1 471,297 5 481,302 99.36% 
 Total 1,008 7,393 2,855 1,831 471,297 5 484,389 100% 
 AAABC02050 COPE'S GRAY TREEFROG Hyla chrysoscelis Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 389 1,579 0 0 1,967 0.04% 
 2 0 356 1,011 0 0 0 1,367 0.03% 
 3 8,128 8,844 10,752 14,463 4 53 42,244 0.91% 
 4 32,329 109,727 23,369 13,696 4,414,423 288 4,593,833 99.02% 
 Total 40,457 118,927 35,521 29,738 4,414,428 341 4,639,411 100% 
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 AAABC02130 GRAY TREEFROG Hyla versicolor Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 13 302 0 0 314 0.05% 
 2 233 9 295 0 0 0 538 0.08% 
 3 24,283 1,566 4,982 4,181 1 23 35,036 5.22% 
 4 35,469 47,770 9,386 6,556 536,155 313 635,649 94.66% 
 Total 59,984 49,345 14,676 11,039 536,157 336 671,537 100% 
 AAAAE01040 MUDPUPPY Necturus maculosus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 7 0 0 7 0.01% 
 2 34 0 19 0 0 0 53 0.07% 
 3 13,429 52 455 129 0 0 14,066 18.84% 
 4 21,798 5,408 771 305 32,203 29 60,513 81.07% 
 Total 35,261 5,460 1,245 441 32,203 29 74,639 100% 
 AAAAF01030 CENTRAL NEWT Notopthalmus viridescens Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 17 61 0 0 78 0.04% 
 2 0 0 72 0 0 0 72 0.04% 
 3 4,811 289 1,905 669 0 6 7,681 4.37% 
 4 23,493 7,551 2,661 606 133,591 118 168,019 95.55% 
 Total 28,304 7,840 4,655 1,336 133,591 124 175,849 100% 
 4 
 AAABC05090 SPRING PEEPER Pseudacris crucifer Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 16 338 0 0 354 0.04% 
 2 255 0 279 0 0 0 534 0.06% 
 3 23,334 2,442 3,909 4,503 1 16 34,204 3.97% 
 4 36,140 38,506 6,296 3,601 742,510 274 827,326 95.93% 
 Total 59,728 40,948 10,499 8,442 742,511 289 862,418 100% 
 AAABC05070 WESTERN CHORUS FROG Pseudacris triseriata triseriata Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 148 503 0 0 651 0.03% 
 2 236 75 821 0 0 0 1,133 0.05% 
 3 27,029 5,698 10,050 10,670 4 41 53,493 2.40% 
 4 37,345 82,389 16,256 10,462 2,029,447 326 2,176,226 97.52% 
 Total 64,611 88,162 27,277 21,635 2,029,451 368 2,231,503 100% 
 AAABH01040 PLAINS LEOPARD FROG Rana blairi Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 11 419 0 0 430 0.03% 
 2 0 56 318 0 0 0 374 0.02% 
 3 3,093 2,232 2,630 5,111 1 13 13,080 0.79% 
 4 19,538 37,195 7,084 6,730 1,561,492 194 1,632,233 99.16% 
 Total 22,631 39,484 10,043 12,259 1,561,492 208 1,646,117 100% 
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 AAABH01070 BULLFROG Rana catesbeiana Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 60 315 0 0 375 0.03% 
 2 70 93 241 0 0 0 404 0.04% 
 3 15,544 1,943 3,069 2,915 1 10 23,480 2.15% 
 4 29,505 46,194 8,817 3,107 978,513 260 1,066,397 97.78% 
 Total 45,118 48,231 12,187 6,336 978,514 270 1,090,656 100% 
 AAABH01090 GREEN FROG Rana clamitans melanota Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 68 0 0 78 0.01% 
 2 70 0 87 0 0 0 157 0.03% 
 3 14,100 391 1,693 1,245 1 4 17,433 3.10% 
 4 27,622 21,463 3,905 3,137 489,186 72 545,384 96.86% 
 Total 41,791 21,854 5,695 4,449 489,187 76 563,053 100% 
 AAABH01160 PICKEREL FROG Rana palustris Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 5 22 0 0 26 0.01% 
 2 53 0 14 0 0 0 67 0.03% 
 3 12,895 209 461 523 1 3 14,092 6.09% 
 4 16,783 4,960 1,217 388 193,927 64 217,338 93.87% 
 Total 29,731 5,169 1,696 933 193,927 67 231,523 100% 
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 AAABH01170 NORTHERN LEOPARD FROG Rana pipiens Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 191 564 0 0 755 0.04% 
 2 122 102 637 0 0 0 861 0.05% 
 3 26,560 4,795 7,959 8,589 4 26 47,934 2.78% 
 4 36,455 71,895 15,366 7,729 1,543,192 358 1,674,996 97.13% 
 Total 63,138 76,793 24,152 16,883 1,543,196 385 1,724,546 100% 
 AAABH01220 SOUTHERN LEOPARD FROG Rana sphenocephala Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 0 0.00% 
 3 0 64 72 314 0 0 451 0.59% 
 4 6,823 930 515 0 67,084 0 75,352 99.41% 
 Total 6,823 995 587 314 67,084 0 75,803 100% 
 AAABF01010 PLAINS SPADEFOOT Spea bombifrons Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 152 0 0 152 0.07% 
 2 0 0 85 0 0 0 85 0.04% 
 3 430 39 462 1,226 0 0 2,158 0.93% 
 4 403 4,601 715 0 224,621 5 230,345 98.97% 
 Total 833 4,640 1,262 1,378 224,621 5 232,740 100% 
 Grand Total 718,219 797,985 244,869 181,410 20,804,099 3,977 22,750,559 
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 Appendix D.3.  Area (ha) of predicted distribution for 44 reptile species in Iowa by stewardship category and management status. 
   ARADE01010 COPPERHEAD Agkistrodon contortrix mokasen Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 0 0.00% 
 3 71 17 50 38 0 0 176 0.99% 
 4 227 615 135 0 16,686 0 17,663 99.01% 
 Total 298 632 185 38 16,686 0 17,839 100% 
   ARAAG01030 SMOOTH SOFTSHELL TURTLE Apalone mutica Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 45 0 0 45 0.06% 
 2 2 0 33 0 0 0 36 0.05% 
 3 22,657 130 214 261 0 0 23,262 33.50% 
 4 23,052 4,887 220 313 17,622 11 46,104 66.39% 
 Total 45,711 5,017 467 618 17,623 11 69,446 100% 
   ARAAG01030 SPINY SOFTSHELL TURTLE Apalone spinifera Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 36 137 0 0 173 0.05% 
 2 35 19 239 0 0 0 293 0.08% 
 3 24,818 1,644 4,165 3,610 3 10 34,250 9.26% 
 4 28,245 26,143 6,240 3,680 270,513 147 334,968 90.61% 
 Total 53,098 27,806 10,679 7,428 270,516 157 369,683 100% 
 1 
   ARADB02010 WESTERN WORM SNAKE Carphophis amoenus vermis Percent Status 1 and 2: 0.01% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 1 0.01% 
 3 44 2 23 17 0 0 87 0.93% 
 4 16 274 51 103 8,824 0 9,269 99.06% 
 Total 60 277 74 120 8,824 1 9,357 100% 
   ARAAD01010 WESTERN PAINTED TURTLE Chrysemys picta belli Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 298 928 0 0 1,226 0.04% 
 2 277 160 1,139 0 0 0 1,576 0.04% 
 3 29,110 8,639 13,131 15,085 5 54 66,024 1.89% 
 4 40,606 99,536 23,813 12,624 3,256,364 479 3,433,423 98.03% 
 Total 69,993 108,334 38,382 28,637 3,256,369 533 3,502,248 100% 
   ARAAB01010 SNAPPING TURTLE Chelydra serpentina Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 100 608 0 0 708 0.03% 
 2 252 69 600 0 0 0 922 0.04% 
 3 25,710 3,930 9,322 7,771 2 27 46,763 1.87% 
 4 38,055 82,450 20,041 8,424 2,304,524 484 2,453,977 98.07% 
 Total 64,017 86,449 30,063 16,803 2,304,526 511 2,502,370 100% 
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   ARAAD02020 WOOD TURTLE Clemmys insculpta Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 178 60 0 0 238 0.07% 
 2 0 0 241 0 0 0 241 0.07% 
 3 21 1,031 5,054 853 0 0 6,959 2.02% 
 4 0 5,564 3,164 20 328,419 0 337,168 97.84% 
 Total 21 6,595 8,637 933 328,420 0 344,606 100% 
   ARACJ02110 SIX-LINED RACERUNNER Cnemidophorus sexlineatus Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 51 0 0 51 0.06% 
 2 15 0 13 0 0 0 28 0.03% 
 3 738 144 207 215 0 0 1,304 1.44% 
 4 1,083 1,028 400 111 86,248 45 88,913 98.47% 
 Total 1,835 1,171 620 377 86,248 45 90,297 100% 
   ARADB07010 RACER Coluber constrictor Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 72 1,652 0 0 1,724 0.05% 
 2 101 223 281 0 0 0 606 0.02% 
 3 1,784 958 3,391 3,214 1 9 9,357 0.28% 
 4 3,322 21,013 8,584 2,911 3,243,263 216 3,279,309 99.64% 
 Total 5,208 22,194 12,328 7,777 3,243,264 225 3,290,997 100% 
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   ARADE02040 TIMBER RATTLESNAKE Crotalus horridus Percent Status 1 and 2: 0.20% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 157 0 0 157 0.08% 
 2 262 0 2 0 0 0 264 0.13% 
 3 235 388 956 226 0 0 1,805 0.87% 
 4 515 8,844 1,486 724 193,091 11 204,672 98.92% 
 Total 1,012 9,232 2,444 1,107 193,091 11 206,897 100% 
   ARADE02120 PRAIRIE RATTLESNAKE Crotalus viridis viridis Percent Status 1 and 2: 2.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 18 508 0 0 526 2.05% 
 2 0 0 15 0 0 0 15 0.06% 
 3 0 20 131 114 0 0 266 1.03% 
 4 0 189 58 0 24,639 0 24,886 96.86% 
 Total 0 209 222 623 24,639 0 25,692 100% 
   ARADB10010 RINGNECK SNAKE Diadophis punctatus arnyi Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 129 1,480 0 0 1,609 0.06% 
 2 382 219 285 0 0 0 886 0.03% 
 3 2,026 1,583 6,847 3,291 1 27 13,775 0.52% 
 4 6,509 50,682 14,281 4,137 2,539,419 310 2,615,339 99.38% 
 Total 8,917 52,485 21,543 8,907 2,539,420 337 2,631,609 100% 
 4 
   ARADB13030 BLACK RAT SNAKE Elaphe obsoleta obsoleta Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 31 484 0 0 515 0.07% 
 2 575 44 76 0 0 0 695 0.09% 
 3 576 1,167 2,768 1,135 0 19 5,665 0.76% 
 4 3,871 31,666 6,242 1,896 697,344 122 741,141 99.08% 
 Total 5,022 32,877 9,117 3,514 697,344 141 748,015 100% 
   ARADB13060 FOX SNAKE Elaphe vulpina vulpina Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 410 1,755 0 0 2,165 0.06% 
 2 386 64 1,053 0 0 0 1,503 0.04% 
 3 5,051 5,957 13,351 10,520 4 36 34,919 0.95% 
 4 6,421 62,246 21,632 8,154 3,529,726 325 3,628,504 98.95% 
 Total 11,858 68,267 36,446 20,429 3,529,730 362 3,667,091 100% 
   ARAAD04010 BLANDING'S TURTLE Emydoidea blandingii Percent Status 1 and 2: 0.21% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 59 414 0 0 473 0.09% 
 2 355 23 310 0 0 0 688 0.12% 
 3 25,157 1,839 7,248 3,496 3 1 37,744 6.84% 
 4 25,199 47,299 10,653 4,260 424,851 242 512,503 92.94% 
 Total 50,710 49,160 18,270 8,170 424,854 243 551,408 100% 
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   ARACH01050 FIVE-LINED SKINK Eumeces fasciatus Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 302 0 0 302 0.07% 
 2 382 0 0 0 0 0 382 0.08% 
 3 205 296 1,186 187 0 0 1,874 0.41% 
 4 147 9,019 1,318 217 447,826 1 458,527 99.45% 
 Total 733 9,315 2,504 706 447,826 1 461,084 100% 
   ARACH01130 GREAT PLAINS SKINK Eumeces obsoletus Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 0 0.00% 
 3 0 8 0 265 0 0 274 0.89% 
 4 90 1,235 48 0 29,029 0 30,402 99.11% 
 Total 90 1,243 48 265 29,029 0 30,675 100% 
   ARACH01100 NORTHERN PRAIRIE SKINK Eumeces septentrionalis septentrionalis Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 234 992 0 0 1,226 0.09% 
 2 0 33 320 0 0 0 353 0.03% 
 3 1,133 1,675 5,448 1,969 1 2 10,228 0.78% 
 4 627 27,490 11,537 3,074 1,264,921 123 1,307,772 99.11% 
 Total 1,760 29,198 17,540 6,035 1,264,922 125 1,319,580 100% 
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   ARAAD05040 COMMON MAP TURTLE Graptemys geographica Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 1 0 0 1 0.01% 
 2 1 0 4 0 0 0 5 0.03% 
 3 9,273 34 79 135 0 0 9,521 46.64% 
 4 3,545 1,119 148 274 5,802 0 10,888 53.33% 
 Total 12,819 1,152 231 411 5,802 0 20,415 100% 
   ARAAD05080 FALSE MAP TURTLE Graptemys pseudogeographica Percent Status 1 and 2: 0.02% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 3 0 0 3 0.00% 
 2 2 0 8 0 0 0 10 0.02% 
 3 22,896 36 88 149 0 0 23,169 38.94% 
 4 22,612 3,514 133 383 9,681 0 36,323 61.04% 
 Total 45,510 3,550 229 534 9,682 0 59,505 100% 
   ARADB17020 EASTERN HOGNOSE SNAKE Heterodon platirhinos Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 2 40 0 0 42 0.05% 
 2 0 0 29 0 0 0 29 0.04% 
 3 249 236 368 278 0 0 1,131 1.47% 
 4 506 1,325 539 226 73,194 50 75,840 98.44% 
 Total 754 1,561 939 543 73,194 50 77,042 100% 
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   ARAAE01020 YELLOW MUD TURTLE Kinosternon flavescens spooneri Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 38 0 0 38 0.14% 
 2 0 0 6 0 0 0 6 0.02% 
 3 1,292 57 133 127 0 0 1,608 6.04% 
 4 13,544 1,614 134 0 9,701 0 24,993 93.80% 
 Total 14,836 1,670 273 165 9,701 0 26,646 100% 
   ARADB19010 PRAIRIE KINGSNAKE Lampropeltis calligaster calligaster Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 45 281 0 0 326 0.02% 
 2 0 219 179 0 0 0 398 0.03% 
 3 1,087 1,000 2,012 2,356 1 27 6,481 0.46% 
 4 5,931 22,431 6,632 3,800 1,356,109 208 1,395,112 99.49% 
 Total 7,018 23,650 8,867 6,437 1,356,110 235 1,402,317 100% 
   ARADB19020 SPECKLED KINGSNAKE Lampropeltis getula holbrooki Percent Status 1 and 2: 0.01% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 1 0.01% 
 3 0 3 20 17 0 0 39 0.50% 
 4 10 144 27 24 7,678 0 7,884 99.49% 
 Total 10 147 47 40 7,679 1 7,924 100% 
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   ARADB19050 MILK SNAKE Lampropeltis triangulum Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 272 1,522 0 0 1,794 0.06% 
 2 382 252 512 0 0 0 1,146 0.04% 
 3 2,409 2,691 8,705 4,838 2 28 18,673 0.62% 
 4 6,509 56,725 18,714 4,138 2,889,477 318 2,975,880 99.28% 
 Total 9,300 59,668 28,203 10,498 2,889,479 346 2,997,494 100% 
   ARADB22020 YELLOWBELLY WATER SNAKE Nerodia erythrogaster Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 109 0 0 109 0.08% 
 2 0 0 21 0 0 0 21 0.01% 
 3 2,139 512 661 784 0 0 4,097 2.88% 
 4 15,220 3,416 922 20 118,357 0 137,935 97.03% 
 Total 17,360 3,928 1,604 914 118,357 0 142,162 100% 
   ARADB22050 DIAMONDBACK WATER SNAKE Nerodia rhombifer Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 109 0 0 109 0.08% 
 2 0 0 21 0 0 0 21 0.01% 
 3 2,139 512 661 784 0 0 4,097 2.88% 
 4 15,220 3,416 922 20 118,357 0 137,935 97.03% 
 Total 17,360 3,928 1,604 914 118,357 0 142,162 100% 
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   ARADB22060 NORTHERN WATER SNAKE Nerodia sipedon sipedon Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 69 466 0 0 535 0.02% 
 2 387 66 354 0 0 0 807 0.04% 
 3 26,240 2,426 7,539 6,494 2 23 42,723 1.95% 
 4 38,111 60,582 14,643 9,327 2,021,302 433 2,144,398 97.99% 
 Total 64,739 63,074 22,605 16,287 2,021,303 456 2,188,464 100% 
   ARACB02010 SLENDER GLASS LIZARD Ophisaurus attenuatus attenuatus Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 15 63 0 0 78 0.01% 
 2 0 10 121 0 0 0 131 0.02% 
 3 0 341 424 806 0 9 1,582 0.19% 
 4 1,362 5,451 1,223 273 813,009 21 821,339 99.78% 
 Total 1,362 5,802 1,783 1,142 813,009 30 823,129 100% 
   ARADB23020 SMOOTH GREEN SNAKE Opheodrys vernalis Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 172 287 0 0 459 0.04% 
 2 35 103 405 0 0 0 542 0.05% 
 3 2,325 3,596 3,290 4,757 1 18 13,988 1.18% 
 4 2,412 17,636 6,420 2,749 1,139,906 80 1,169,202 98.73% 
 Total 4,772 21,335 10,287 7,793 1,139,907 98 1,184,191 100% 
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   ARADB26010 BULL SNAKE Pituophis melanoleucus sayi Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 4 99 0 0 102 0.08% 
 2 0 0 44 0 0 0 44 0.03% 
 3 279 290 631 396 0 0 1,596 1.20% 
 4 654 2,972 831 285 126,122 55 130,919 98.69% 
 Total 933 3,261 1,509 780 126,122 55 132,661 100% 
   ARADB27020 GRAHAM'S CRAYFISH SNAKE Regina grahamii Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 20 68 0 0 88 0.01% 
 2 0 54 191 0 0 0 246 0.04% 
 3 2,272 1,180 1,484 3,403 1 8 8,347 1.34% 
 4 3,940 15,118 3,628 3,208 590,141 7 616,042 98.61% 
 Total 6,211 16,353 5,324 6,678 590,141 16 624,723 100% 
   ARADE03010 MASSASAUGA Sistrurus catenatus Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 7 94 0 0 101 0.04% 
 2 0 0 132 0 0 0 132 0.05% 
 3 2,802 349 1,420 947 0 0 5,518 2.29% 
 4 12,443 3,922 1,722 500 216,634 88 235,310 97.61% 
 Total 15,244 4,271 3,280 1,541 216,634 88 241,060 100% 
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   ARADE03011 EASTERN MASSASAUGA Sistrurus catenatus catenatus Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 116 0 0 116 0.04% 
 2 79 0 28 0 0 0 108 0.03% 
 3 14,213 386 671 965 1 0 16,236 5.19% 
 4 19,693 5,333 1,346 198 269,647 0 296,218 94.74% 
 Total 33,986 5,719 2,046 1,279 269,648 0 312,678 100% 
   ARADB34010 BROWN SNAKE Storeria dekayi Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 272 1,545 0 0 1,817 0.06% 
 2 382 252 522 0 0 0 1,156 0.04% 
 3 2,409 2,845 8,895 4,900 2 29 19,081 0.63% 
 4 6,509 57,492 18,977 4,138 2,908,258 318 2,995,692 99.27% 
 Total 9,300 60,589 28,667 10,583 2,908,260 347 3,017,747 100% 
   ARADB34030 NORTHERN REDBELLY SNAKE Storeria occipitomaculata Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 221 577 0 0 799 0.04% 
 2 382 48 381 0 0 0 810 0.04% 
 3 1,223 1,825 5,920 2,804 1 29 11,803 0.60% 
 4 3,545 40,867 12,103 3,266 1,905,435 17 1,965,233 99.32% 
 Total 5,149 42,740 18,626 6,648 1,905,437 46 1,978,645 100% 
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   ARAAE02040 STINKPOT Sternotherus odoratus Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 41 0 0 41 0.09% 
 2 2 0 6 0 0 0 8 0.02% 
 3 14,188 60 133 123 0 0 14,504 30.41% 
 4 21,641 1,675 173 379 9,279 0 33,146 69.49% 
 Total 35,831 1,734 312 543 9,280 0 47,700 100% 
   ARAAD08020 ORNATE BOX TURTLE Terrapene ornata ornata Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 28 0 0 28 0.04% 
 2 0 0 8 0 0 0 8 0.01% 
 3 121 172 270 194 0 0 757 1.03% 
 4 383 529 438 86 70,976 42 72,455 98.92% 
 Total 504 701 716 309 70,976 42 73,248 100% 
   ARADB36130 EASTERN GARTER SNAKE Thamnophis sirtalis Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 240 675 0 0 915 0.03% 
 2 126 145 926 0 0 0 1,197 0.04% 
 3 27,742 7,513 9,601 13,179 4 40 58,079 1.88% 
 4 36,790 80,104 17,621 11,018 2,884,126 364 3,030,022 98.05% 
 Total 64,659 87,761 28,389 24,872 2,884,130 403 3,090,214 100% 
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   ARADB36090 WESTERN RIBBON SNAKE Thamnophis proximus Percent Status 1 and 2: 0.02% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 7 31 0 0 38 0.01% 
 2 0 48 53 0 0 0 100 0.02% 
 3 3,938 368 699 1,182 0 6 6,192 1.05% 
 4 25,793 23,030 4,072 2,778 527,983 149 583,806 98.93% 
 Total 29,732 23,446 4,831 3,991 527,983 155 590,137 100% 
   ARADB36100 PLAINS GARTER SNAKE Thamnophis radix Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 42 264 0 0 306 0.03% 
 2 71 52 283 0 0 0 406 0.04% 
 3 16,420 1,807 3,667 3,531 1 11 25,437 2.25% 
 4 30,930 55,978 10,688 3,921 1,002,650 282 1,104,448 97.69% 
 Total 47,420 57,837 14,679 7,717 1,002,651 294 1,130,598 100% 
   ARADB38010 NORTHERN LINED SNAKE Tropodiclonion lineatum Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 272 1,545 0 0 1,817 0.06% 
 2 382 252 522 0 0 0 1,156 0.04% 
 3 2,409 2,845 8,895 4,900 2 29 19,081 0.63% 
 4 6,509 57,492 18,977 4,138 2,908,258 318 2,995,692 99.27% 
 Total 9,300 60,589 28,667 10,583 2,908,260 347 3,017,747 100% 
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   ARAAD09010 RED-EARED TURTLE Trachemys scripta Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 113 0 0 113 0.08% 
 2 0 0 23 0 0 0 23 0.02% 
 3 2,453 545 716 864 0 0 4,578 3.36% 
 4 14,207 4,028 628 0 112,791 0 131,654 96.54% 
 Total 16,659 4,573 1,366 976 112,791 0 136,366 100% 
   ARADB39020 SMOOTH EARTH SNAKE Virginia valeriae elegans Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 46 131 0 0 177 0.01% 
 2 0 219 136 0 0 0 355 0.03% 
 3 371 553 2,534 1,508 1 27 4,993 0.40% 
 4 3,318 25,466 5,253 2,958 1,218,607 146 1,255,748 99.56% 
 Total 3,689 26,237 7,968 4,598 1,218,608 173 1,261,273 100% 
 Grand Total 794,800 1,095,740 432,619 239,264 41,996,832 5,885 44,565,140 
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 Appendix D.4.  Area (ha) of predicted distribution for 170 bird species in Iowa by stewardship category and management status. 
 ABPAE33020 ACADIAN FLYCATCHER Empidonax virescens Percent Status 1 and 2: 0.24% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 17 182 0 0 198 0.11% 
 2 219 0 33 0 0 0 251 0.13% 
 3 9,605 536 1,728 820 0 9 12,700 6.72% 
 4 4,472 7,971 1,814 1,375 160,109 82 175,823 93.04% 
 Total 14,296 8,507 3,592 2,378 160,109 91 188,973 100% 
 ABNGA01020 AMERICAN BITTERN Botaurus lentiginosus Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 11 11 0 0 22 0.05% 
 2 0 16 24 0 0 0 40 0.09% 
 3 541 610 330 408 0 0 1,890 4.41% 
 4 13 17,119 992 14 22,766 0 40,904 95.45% 
 Total 554 17,745 1,357 433 22,766 0 42,855 100% 
 ABNME14020 AMERICAN COOT Fulica americana Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 19 77 0 0 96 0.04% 
 2 34 18 125 0 0 0 177 0.07% 
 3 14,931 1,033 1,632 1,639 1 1 19,237 7.13% 
 4 27,709 43,651 4,564 2,030 172,113 135 250,203 92.77% 
 Total 42,675 44,702 6,340 3,746 172,114 137 269,713 100% 
 1 
 ABPAV10010 AMERICAN CROW Corvus brachyrhynchos Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 842 0 0 974 0.07% 
 2 617 53 379 0 0 0 1,050 0.08% 
 3 10,957 2,160 9,278 3,973 3 28 26,399 2.01% 
 4 9,836 55,205 15,043 5,463 1,201,125 212 1,286,884 97.84% 
 Total 21,410 57,418 24,833 10,278 1,201,128 241 1,315,308 100% 
 ABPBY06110 AMERICAN GOLDFINCH Carduelis tristis Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 72 220 0 0 293 0.02% 
 2 97 16 286 0 0 0 399 0.03% 
 3 1,168 1,772 4,617 3,928 1 24 11,509 0.88% 
 4 1,363 15,348 6,710 3,985 1,269,290 126 1,296,823 99.07% 
 Total 2,627 17,136 11,685 8,133 1,269,291 151 1,309,024 100% 
 ABNKD06020 AMERICAN KESTREL Falco sparverius Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 454 2,179 0 0 2,633 0.03% 
 2 403 333 1,026 0 0 0 1,762 0.02% 
 3 5,425 8,246 12,517 12,782 3 47 39,020 0.43% 
 4 8,734 74,733 24,946 9,505 8,873,842 337 8,992,097 99.52% 
 Total 14,563 83,312 38,943 24,465 8,873,846 384 9,035,513 100% 
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 ABPBX06010 AMERICAN REDSTART Setophaga ruticilla Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 19 100 0 0 119 0.04% 
 2 74 3 89 0 0 0 166 0.06% 
 3 562 552 2,942 1,422 1 13 5,491 1.98% 
 4 1,016 9,616 3,710 2,113 254,905 85 271,445 97.92% 
 Total 1,652 10,171 6,760 3,634 254,906 98 277,221 100% 
 ABPBJ20170 AMERICAN ROBIN Turdus migratorius Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 ABNJB10180 AMERICAN WIGEON Anas americana Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 26 0 0 26 0.06% 
 2 0 24 0 0 0 0 24 0.05% 
 3 833 1,484 28 537 0 4 2,886 6.52% 
 4 0 12,283 540 0 28,499 0 41,323 93.36% 
 Total 833 13,792 567 563 28,499 4 44,259 100% 
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 ABNNF19020 AMERICAN WOODCOCK Scolopax minor Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 348 1,818 0 0 2,166 0.04% 
 2 488 299 926 0 0 0 1,712 0.03% 
 3 13,945 5,179 12,807 10,623 3 47 42,604 0.87% 
 4 12,473 74,616 23,451 9,153 4,743,686 357 4,863,736 99.05% 
 Total 26,906 80,093 37,532 21,594 4,743,689 404 4,910,218 100% 
 ABNKC10010 BALD EAGLE Haliaeetus leucocephalus Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 130 0 0 140 0.05% 
 2 43 7 165 0 0 0 215 0.08% 
 3 847 586 3,578 1,656 0 1 6,668 2.35% 
 4 8,075 33,648 5,858 2,337 226,640 115 276,674 97.52% 
 Total 8,965 34,241 9,610 4,123 226,641 116 283,696 100% 
 ABPAU08010 BANK SWALLOW Riparia riparia Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 83 384 0 0 467 0.03% 
 2 55 126 382 0 0 0 562 0.03% 
 3 16,207 3,583 3,946 5,777 1 16 29,531 1.65% 
 4 29,914 58,949 10,918 4,922 1,650,893 249 1,755,845 98.29% 
 Total 46,176 62,658 15,329 11,083 1,650,894 265 1,786,405 100% 
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 ABPBXB9190 BALTIMORE ORIOLE Icterus galbula Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 272 1,541 0 0 1,814 0.06% 
 2 375 252 522 0 0 0 1,149 0.04% 
 3 2,407 2,840 8,863 4,892 2 29 19,032 0.63% 
 4 6,453 57,304 18,908 4,121 2,893,373 318 2,980,477 99.27% 
 Total 9,235 60,396 28,565 10,554 2,893,375 347 3,002,471 100% 
 ABNSB12020 BARRED OWL Strix varia Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 842 0 0 974 0.08% 
 2 617 53 378 0 0 0 1,049 0.08% 
 3 10,948 2,155 9,266 3,959 3 28 26,360 2.10% 
 4 9,757 54,999 14,907 5,384 1,143,917 212 1,229,175 97.74% 
 Total 21,322 57,207 24,683 10,185 1,143,920 240 1,257,558 100% 
 ABPAU09030 BARN SWALLOW Hirundo rustica Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 64 334 0 0 397 0.04% 
 2 53 90 226 0 0 0 370 0.03% 
 3 15,435 2,192 3,036 3,172 1 9 23,844 2.19% 
 4 29,271 53,554 9,658 3,061 970,539 251 1,066,334 97.74% 
 Total 44,759 55,836 12,984 6,566 970,540 260 1,090,945 100% 
 5 
 ABNRB02010 BLACK-BILLED CUCKOO Coccyzus erythropthalmus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 ABPAW01010 BLACK-CAPPED CHICKADEE Poecile atricapillus Percent Status 1 and 2: 0.19% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 30 216 0 0 246 0.07% 
 2 222 3 144 0 0 0 369 0.11% 
 3 10,119 748 3,220 1,652 1 14 15,755 4.77% 
 4 4,855 13,247 4,221 2,443 288,731 92 313,589 95.04% 
 Total 15,196 13,998 7,615 4,311 288,732 106 329,959 100% 
 ABNGA11010 BLACK-CROWNED NIGHT-HERON Nycticorax nycticorax Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 16 60 0 0 77 0.05% 
 2 34 16 87 0 0 0 137 0.09% 
 3 14,180 739 1,405 1,127 0 0 17,452 11.01% 
 4 15,092 26,854 2,809 1,364 94,637 39 140,794 88.85% 
 Total 29,306 27,609 4,317 2,551 94,637 39 158,459 100% 
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 ABNXD01020 BELTED KINGFISHER Ceryle alcyon Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 8 19 0 0 27 0.01% 
 2 34 1 61 0 0 0 96 0.05% 
 3 14,765 374 1,170 916 1 1 17,226 8.43% 
 4 27,392 37,760 3,491 1,766 116,353 132 186,894 91.51% 
 Total 42,191 38,135 4,730 2,701 116,354 133 204,243 100% 
 ABPBW01110 BELL'S VIREO Vireo bellii Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 20 125 0 0 146 0.05% 
 2 84 3 99 0 0 0 187 0.06% 
 3 605 595 2,919 1,503 1 14 5,636 1.80% 
 4 1,119 10,443 3,580 2,279 290,354 93 307,868 98.10% 
 Total 1,808 11,042 6,618 3,907 290,355 107 313,837 100% 
 ABPBG07010 BEWICK'S WREN Thryomanes bewickii Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 38 5 0 0 43 0.03% 
 2 0 0 11 0 0 0 11 0.01% 
 3 332 322 739 400 0 15 1,808 1.22% 
 4 181 5,091 806 0 139,647 0 145,725 98.74% 
 Total 513 5,413 1,594 405 139,647 15 147,586 100% 
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 ABPBJ08010 BLUE-GRAY GNATCATCHER Polioptila caerulea Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 63 807 0 0 870 0.08% 
 2 613 53 354 0 0 0 1,020 0.09% 
 3 10,850 2,041 8,884 3,768 3 26 25,572 2.29% 
 4 9,286 52,280 13,886 5,265 1,008,753 197 1,089,668 97.54% 
 Total 20,749 54,374 23,187 9,840 1,008,755 223 1,117,129 100% 
 ABPBXB7030 BROWN-HEADED COWBIRD Molothrus ater Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,746 0 0 2,065 0.05% 
 2 392 299 787 0 0 0 1,479 0.03% 
 3 3,784 4,360 10,626 8,726 2 39 27,536 0.64% 
 4 7,953 67,211 21,482 6,997 4,166,436 325 4,270,403 99.28% 
 Total 12,129 71,870 33,213 17,468 4,166,438 363 4,301,482 100% 
 ABPBX63010 BLUE GROSBEAK Guiraca caerulea Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 147 994 0 0 1,141 0.11% 
 2 0 0 217 0 0 0 217 0.02% 
 3 456 1,048 2,390 1,735 0 7 5,636 0.54% 
 4 406 15,606 4,152 16 1,025,780 18 1,045,978 99.34% 
 Total 861 16,655 6,907 2,744 1,025,780 25 1,052,972 100% 
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 ABPAV02020 BLUE JAY Cyanocitta cristata Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 149 921 0 0 1,070 0.07% 
 2 655 61 418 0 0 0 1,133 0.08% 
 3 11,149 2,296 9,704 4,283 3 30 27,465 1.82% 
 4 10,121 58,221 15,950 5,647 1,389,105 228 1,479,271 98.03% 
 Total 21,925 60,577 26,222 10,851 1,389,107 257 1,508,939 100% 
 ABNNM10020 BLACK TERN Chlidonias niger Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 13 0 0 23 0.05% 
 2 0 16 29 0 0 0 45 0.10% 
 3 541 659 237 438 0 0 1,875 4.03% 
 4 0 19,211 1,053 8 24,279 0 44,552 95.82% 
 Total 541 19,886 1,330 459 24,279 0 46,495 100% 
 ABPBXA9010 BOBOLINK Dolichonyx oryzivorus Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 35 627 0 0 662 0.11% 
 2 4 51 46 0 0 0 100 0.02% 
 3 127 992 335 480 0 0 1,934 0.33% 
 4 70 1,494 948 145 576,570 27 579,253 99.54% 
 Total 201 2,536 1,363 1,252 576,570 27 581,949 100% 
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 ABPBA01010 BROWN CREEPER Certhia americana Percent Status 1 and 2: 0.67% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 136 0 0 136 0.28% 
 2 192 0 0 0 0 0 192 0.39% 
 3 9,187 126 45 84 0 0 9,443 19.27% 
 4 3,792 2,751 403 328 31,967 0 39,242 80.06% 
 Total 13,171 2,878 448 548 31,968 0 49,012 100% 
 ABPBK06010 BROWN THRASHER Toxostoma rufum Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 ABNSB10010 BURROWING OWL Athene cunicularia Percent Status 1 and 2: 0.49% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 101 1,253 0 0 1,355 0.45% 
 2 0 36 107 0 0 0 143 0.05% 
 3 0 2,049 698 1,124 0 5 3,875 1.28% 
 4 2 3,829 933 0 292,727 9 297,500 98.23% 
 Total 2 5,914 1,839 2,377 292,727 14 302,873 100% 
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 ABNKC19050 BROAD-WINGED HAWK Buteo platypterus Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 1 19 0 0 20 0.03% 
 2 33 0 28 0 0 0 61 0.09% 
 3 260 221 1,193 807 0 0 2,482 3.83% 
 4 431 3,210 1,267 1,159 56,164 76 62,307 96.05% 
 Total 725 3,431 2,489 1,985 56,164 76 64,870 100% 
 ABNJB10130 BLUE-WINGED TEAL Anas discors Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 250 755 0 0 1,005 0.03% 
 2 130 152 952 0 0 0 1,234 0.04% 
 3 28,537 7,608 9,662 13,253 4 40 59,104 1.73% 
 4 36,855 79,190 17,233 11,211 3,207,056 348 3,351,892 98.20% 
 Total 65,522 86,949 28,098 25,218 3,207,060 388 3,413,235 100% 
 ABPBX01020 BLUE-WINGED WARBLER Vermivora pinus Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 20 95 0 0 115 0.06% 
 2 84 0 62 0 0 0 146 0.08% 
 3 1,193 585 1,108 1,054 0 10 3,951 2.17% 
 4 2,085 9,850 1,971 2,530 161,209 88 177,732 97.68% 
 Total 3,362 10,435 3,161 3,679 161,209 98 181,944 100% 
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 ABNGA07010 CATTLE EGRET Bubulcus ibis Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 0 0.00% 
 3 0 0 0 9 0 0 9 0.11% 
 4 8 779 27 0 7,226 0 8,040 99.89% 
 Total 8 779 27 9 7,226 0 8,048 100% 
 ABNJB05030 CANADA GOOSE Branta canadensis Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 169 517 0 0 686 0.04% 
 2 104 96 562 0 0 0 762 0.05% 
 3 25,783 4,381 7,193 7,691 3 24 45,075 2.88% 
 4 34,889 67,546 13,875 7,076 1,395,704 326 1,519,416 97.03% 
 Total 60,776 72,023 21,800 15,284 1,395,707 350 1,565,940 100% 
 ABNJB11020 CANVASBACK Aythya valisineria Percent Status 1 and 2: 0.19% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 7 3 0 0 10 0.05% 
 2 0 16 15 0 0 0 31 0.15% 
 3 541 420 24 231 0 0 1,215 5.81% 
 4 0 11,897 222 0 7,557 0 19,677 94.00% 
 Total 541 12,333 267 233 7,558 0 20,932 100% 
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 ABPBG06130 CAROLINA WREN Thryothorus ludovicianus Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 40 546 0 0 586 0.06% 
 2 613 44 127 0 0 0 784 0.08% 
 3 10,531 1,529 5,150 3,232 1 26 20,468 2.08% 
 4 9,398 42,006 10,114 5,319 895,346 197 962,381 97.78% 
 Total 20,542 43,580 15,431 9,097 895,347 223 984,220 100% 
 ABPBX94030 CLAY-COLORED SPARROW Spizella pallida Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 1 0 0 1 0.01% 
 2 0 0 19 0 0 0 19 0.11% 
 3 0 49 214 60 0 7 329 1.86% 
 4 0 398 192 0 16,750 0 17,340 98.02% 
 Total 0 446 425 62 16,750 7 17,690 100% 
 ABPBN01020 CEDAR WAXWING Bombycilla cedrorum Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
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 ABPBX03240 CERULEAN WARBLER Dendroica cerulea Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 41 556 0 0 598 0.07% 
 2 613 5 149 0 0 0 766 0.10% 
 3 9,870 1,533 4,498 2,289 1 26 18,216 2.28% 
 4 9,168 40,353 7,987 5,194 714,895 173 777,770 97.54% 
 Total 19,651 41,891 12,674 8,039 714,896 199 797,350 100% 
 ABPBX94020 CHIPPING SPARROW Spizella passerina Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 ABNUA03010 CHIMNEY SWIFT Chaetura pelagica Percent Status 1 and 2: 0.01% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 1 3 0 0 4 0.00% 
 2 0 0 4 0 0 0 4 0.00% 
 3 38 15 51 42 0 0 146 0.10% 
 4 220 665 460 175 146,032 5 147,556 99.90% 
 Total 258 680 516 220 146,032 5 147,710 100% 
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 ABPAU09010 CLIFF SWALLOW Hirundo pyrrhonota Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 45 141 0 0 186 0.02% 
 2 55 25 194 0 0 0 274 0.03% 
 3 15,535 1,395 2,581 2,665 1 7 22,185 2.37% 
 4 28,898 46,339 8,249 3,116 826,246 239 913,087 97.58% 
 Total 44,488 47,759 11,069 5,922 826,247 246 935,731 100% 
 ABNSA01010 BARN OWL Tyto alba Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 22 255 0 0 277 0.01% 
 2 23 223 185 0 0 0 430 0.02% 
 3 1,775 849 2,543 2,836 1 9 8,012 0.29% 
 4 3,381 15,999 7,528 2,962 2,743,799 216 2,773,883 99.69% 
 Total 5,178 17,071 10,277 6,052 2,743,800 225 2,782,603 100% 
 ABPBXB6070 COMMON GRACKLE Quiscalus quiscula Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 383 1,856 0 0 2,239 0.06% 
 2 464 290 817 0 0 0 1,571 0.04% 
 3 4,476 5,648 11,582 8,325 2 39 30,071 0.82% 
 4 9,004 74,508 22,885 6,155 3,514,430 356 3,627,338 99.07% 
 Total 13,944 80,446 35,667 16,336 3,514,432 395 3,661,220 100% 
 15 
 ABNKC12040 COOPER'S HAWK Accipiter cooperii Percent Status 1 and 2: 0.23% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 1 21 0 0 23 0.05% 
 2 14 0 57 0 0 0 71 0.17% 
 3 47 120 845 245 0 1 1,258 3.02% 
 4 70 1,693 1,009 269 37,135 46 40,222 96.75% 
 Total 131 1,813 1,913 535 37,135 46 41,573 100% 
 ABNME13010 COMMON MOORHEN Gallinula chloropus Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 11 0 0 21 0.07% 
 2 0 16 18 0 0 0 34 0.11% 
 3 208 511 124 419 0 0 1,263 3.97% 
 4 41 11,907 681 0 17,873 0 30,501 95.86% 
 Total 249 12,433 834 430 17,873 0 31,819 100% 
 ABNTA02020 COMMON NIGHTHAWK Chordeiles minor Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 413 2,312 0 0 2,726 0.02% 
 2 114 348 1,041 0 0 0 1,503 0.01% 
 3 5,770 10,840 9,245 14,612 3 29 40,498 0.31% 
 4 6,908 47,618 17,869 9,960 12,911,252 253 12,993,860 99.66% 
 Total 12,792 58,805 28,569 26,884 12,911,256 281 13,038,587 100% 
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 ABNNF18010 COMMON SNIPE Gallinago gallinago Percent Status 1 and 2: 0.37% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 7 3 0 0 10 0.08% 
 2 0 16 21 0 0 0 37 0.29% 
 3 122 592 41 344 0 5 1,104 8.58% 
 4 0 2,057 238 0 9,424 0 11,720 91.05% 
 Total 122 2,665 307 347 9,425 5 12,871 100% 
 ABPBX12010 COMMON YELLOWTHROAT Geothlypis trichas Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 462 2,122 0 0 2,584 0.04% 
 2 468 351 1,216 0 0 0 2,035 0.04% 
 3 6,317 8,945 14,029 13,926 3 53 43,272 0.75% 
 4 10,684 86,334 25,840 10,232 5,615,598 362 5,749,051 99.17% 
 Total 17,469 95,630 41,547 26,280 5,615,601 415 5,796,943 100% 
 ABNTA07010 CHUCK-WILL'S-WIDOW Caprimulgus carolinensis Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 53 149 0 0 202 0.02% 
 2 0 219 165 0 0 0 384 0.03% 
 3 685 1,745 1,799 3,075 1 38 7,343 0.61% 
 4 3,528 21,047 3,317 15 1,163,649 42 1,191,599 99.34% 
 Total 4,213 23,012 5,334 3,239 1,163,650 80 1,199,528 100% 
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 ABNFD01020 DOUBLE-CRESTED CORMORANT Phalacrocorax auritus Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 2 0 0 2 0.01% 
 2 33 0 0 0 0 0 33 0.12% 
 3 12,928 4 2 27 0 0 12,961 47.95% 
 4 8,138 1,140 96 113 4,548 0 14,035 51.92% 
 Total 21,099 1,144 98 142 4,548 0 27,032 100% 
 ABPBX65010 DICKCISSEL Spiza americana Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 398 2,306 0 0 2,704 0.02% 
 2 115 346 997 0 0 0 1,457 0.01% 
 3 5,123 10,470 8,875 13,821 3 29 38,320 0.30% 
 4 5,684 45,752 17,338 9,455 12,782,182 243 12,860,654 99.67% 
 Total 10,922 56,568 27,607 25,582 12,782,185 271 12,903,135 100% 
 ABNYF07030 DOWNY WOODPECKER Picoides pubescens Percent Status 1 and 2: 0.19% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 30 216 0 0 246 0.07% 
 2 222 3 144 0 0 0 369 0.11% 
 3 10,119 748 3,220 1,652 1 14 15,755 4.77% 
 4 4,855 13,247 4,221 2,443 288,731 92 313,589 95.04% 
 Total 15,196 13,998 7,615 4,311 288,732 106 329,959 100% 
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 ABPBJ15010 EASTERN BLUEBIRD Sialia sialis Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 272 1,545 0 0 1,817 0.06% 
 2 382 252 522 0 0 0 1,156 0.04% 
 3 2,409 2,845 8,895 4,900 2 29 19,081 0.63% 
 4 6,509 57,492 18,977 4,138 2,908,258 318 2,995,692 99.27% 
 Total 9,300 60,589 28,667 10,583 2,908,260 347 3,017,747 100% 
 ABNCA03030 EARED GREBE Podiceps nigricollis Percent Status 1 and 2: 0.24% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 5 1 0 0 6 0.04% 
 2 0 15 16 0 0 0 30 0.20% 
 3 0 279 32 135 0 0 446 2.91% 
 4 0 11,133 50 0 3,664 0 14,848 96.85% 
 Total 0 11,427 103 136 3,664 0 15,330 100% 
 ABPAE52060 EASTERN KINGBIRD Tyrannus tyrannus Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 29 261 0 0 289 0.06% 
 2 154 16 135 0 0 0 305 0.06% 
 3 862 679 2,032 1,378 0 11 4,963 0.99% 
 4 764 9,228 3,931 1,300 480,636 79 495,938 98.89% 
 Total 1,780 9,923 6,127 2,939 480,636 90 501,494 100% 
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 ABPBXB2020 EASTERN MEADOWLARK Sturnella magna Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 81 429 0 0 509 0.04% 
 2 4 53 318 0 0 0 375 0.03% 
 3 2,576 2,389 3,117 4,789 1 7 12,879 0.98% 
 4 2,428 14,663 6,008 2,804 1,278,873 58 1,304,835 98.96% 
 Total 5,008 17,105 9,524 8,022 1,278,873 65 1,318,598 100% 
 ABPAE35020 EASTERN PHOEBE Sayornis phoebe Percent Status 1 and 2: 0.18% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 27 222 0 0 249 0.07% 
 2 203 3 136 0 0 0 343 0.10% 
 3 2,048 714 2,886 1,617 1 13 7,279 2.18% 
 4 1,984 11,419 3,859 2,157 306,780 83 326,282 97.64% 
 Total 4,235 12,137 6,908 3,996 306,781 96 334,153 100% 
 ABNSB01030 EASTERN SCREECH-OWL Otus asio Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 350 1,842 0 0 2,192 0.04% 
 2 486 299 932 0 0 0 1,716 0.03% 
 3 13,713 5,231 12,911 10,600 3 48 42,506 0.86% 
 4 12,542 75,255 23,828 9,100 4,764,512 366 4,885,602 99.06% 
 Total 26,741 80,785 38,020 21,542 4,764,515 414 4,932,017 100% 
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 ABPAE32060 EASTERN WOOD-PEWEE Contopus virens Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 EURASIAN TREE SPARROW Passer montanus Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 0 0.00% 
 3 1 1 3 1 0 0 6 0.14% 
 4 20 9 5 0 4,224 0 4,258 99.86% 
 Total 21 10 7 1 4,224 0 4,264 100% 
 ABPAW01110 TUFTED TITMOUSE Baeolophus bicolor Percent Status 1 and 2: 0.18% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 19 189 0 0 208 0.07% 
 2 219 3 87 0 0 0 309 0.11% 
 3 9,993 627 2,840 1,385 1 13 14,859 5.09% 
 4 4,721 11,658 3,182 2,428 254,296 86 276,372 94.73% 
 Total 14,933 12,288 6,128 4,003 254,297 99 291,748 100% 
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 ABPBX94050 FIELD SPARROW Spizella pusilla Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 ABNNM08090 FORSTER'S TERN Sterna forsteri Percent Status 1 and 2: 0.18% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 5 14 0 0 20 0.07% 
 2 0 15 16 0 0 0 30 0.11% 
 3 528 438 113 289 0 0 1,368 4.84% 
 4 0 15,990 616 0 10,212 0 26,819 94.98% 
 Total 528 16,443 751 303 10,213 0 28,237 100% 
 ABNJB10160 GADWALL Anas strepera Percent Status 1 and 2: 0.28% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 105 56 0 0 161 0.17% 
 2 0 42 63 0 0 0 105 0.11% 
 3 977 2,288 433 1,506 0 9 5,212 5.49% 
 4 0 18,408 1,317 0 69,813 0 89,538 94.23% 
 Total 977 20,738 1,918 1,562 69,813 9 95,016 100% 
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 ABPAE43070 GREAT CRESTED FLYCATCHER Myiarchus crinitus Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 29 261 0 0 289 0.06% 
 2 154 16 135 0 0 0 305 0.06% 
 3 862 679 2,032 1,378 0 11 4,963 0.99% 
 4 764 9,228 3,931 1,300 480,636 79 495,938 98.89% 
 Total 1,780 9,923 6,127 2,939 480,636 90 501,494 100% 
 ABNSB05010 GREAT HORNED OWL Bubo virginianus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 842 0 0 974 0.08% 
 2 617 53 378 0 0 0 1,049 0.08% 
 3 10,948 2,155 9,266 3,959 3 28 26,360 2.10% 
 4 9,757 54,999 14,907 5,384 1,143,917 212 1,229,175 97.74% 
 Total 21,322 57,207 24,683 10,185 1,143,920 240 1,257,558 100% 
 ABNGA08010 GREEN HERON Butorides virescens Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 25 135 0 0 160 0.04% 
 2 81 18 218 0 0 0 316 0.08% 
 3 24,094 1,546 4,320 3,533 2 9 33,505 8.34% 
 4 32,996 53,358 7,362 4,802 269,015 195 367,728 91.54% 
 Total 57,171 54,922 11,925 8,470 269,017 204 401,709 100% 
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 ABPBK01010 GRAY CATBIRD Dumetella carolinensis Percent Status 1 and 2: 0.20% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 23 231 0 0 254 0.09% 
 2 210 3 93 0 0 0 307 0.11% 
 3 975 530 1,759 730 0 6 4,001 1.41% 
 4 892 9,330 2,868 976 264,536 61 278,662 98.39% 
 Total 2,076 9,863 4,743 1,938 264,536 67 283,224 100% 
 ABNGA04040 GREAT EGRET Ardea albus Percent Status 1 and 2: 0.23% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 74 0 0 74 0.10% 
 2 82 0 7 0 0 0 89 0.13% 
 3 18,102 200 314 510 0 0 19,126 26.86% 
 4 22,262 4,071 502 381 24,697 0 51,913 72.91% 
 Total 40,446 4,271 823 965 24,697 0 71,203 100% 
 ABNLC01010 GRAY PARTRIDGE Perdix perdix Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 278 1,195 0 0 1,473 0.02% 
 2 48 98 649 0 0 0 794 0.01% 
 3 3,804 5,539 5,563 7,673 2 15 22,596 0.36% 
 4 2,484 24,946 9,986 6,432 6,254,203 59 6,298,111 99.61% 
 Total 6,336 30,583 16,476 15,301 6,254,205 74 6,322,974 100% 
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 ABNLC13010 GREATER PRAIRIE-CHICKEN Tympanuchus cupido Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 0 0.00% 
 3 0 0 0 0 0 0 0 0.00% 
 4 0 0 0 0 10,092 0 10,092 100.00% 
 Total 0 0 0 0 10,092 0 10,092 100% 
 ABPBXA0020 GRASSHOPPER SPARROW Ammodramus savannarum Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 35 627 0 0 662 0.11% 
 2 4 51 46 0 0 0 100 0.02% 
 3 160 1,012 342 487 0 0 2,001 0.33% 
 4 70 1,632 965 145 599,462 27 602,300 99.54% 
 Total 233 2,695 1,388 1,259 599,462 27 605,064 100% 
 ABNGA04010 GREAT BLUE HERON Ardea herodias Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 12 78 0 0 90 0.03% 
 2 81 2 139 0 0 0 221 0.07% 
 3 22,882 680 3,387 2,053 1 9 29,012 8.98% 
 4 30,977 46,161 6,343 3,936 206,195 182 293,794 90.93% 
 Total 53,940 46,843 9,880 6,067 206,196 191 323,116 100% 
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 ABPBXB6050 GREAT-TAILED GRACKLE Quiscalus mexicanus Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 57 340 0 0 398 0.05% 
 2 0 100 335 0 0 0 435 0.05% 
 3 1,744 2,959 2,131 3,488 1 15 10,339 1.17% 
 4 490 49,307 7,931 3,732 808,215 116 869,791 98.73% 
 Total 2,234 52,366 10,455 7,561 808,215 131 880,962 100% 
 ABNJB10010 GREEN-WINGED TEAL Anas crecca Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 148 385 0 0 533 0.10% 
 2 102 42 280 0 0 0 425 0.08% 
 3 15,009 3,086 3,786 2,672 1 9 24,563 4.42% 
 4 1,680 33,134 6,056 47 488,916 10 529,844 95.40% 
 Total 16,792 36,263 10,270 3,104 488,917 19 555,365 100% 
 ABNYF07040 HAIRY WOODPECKER Picoides villosus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 842 0 0 974 0.08% 
 2 617 53 378 0 0 0 1,049 0.08% 
 3 10,948 2,155 9,266 3,959 3 28 26,360 2.10% 
 4 9,757 54,999 14,907 5,384 1,143,917 212 1,229,175 97.74% 
 Total 21,322 57,207 24,683 10,185 1,143,920 240 1,257,558 100% 
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 ABPBXA0030 HENSLOW'S SPARROW Ammodramus henslowii Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 35 627 0 0 662 0.11% 
 2 4 51 46 0 0 0 100 0.02% 
 3 160 1,012 342 487 0 0 2,001 0.33% 
 4 70 1,632 965 145 599,462 27 602,300 99.54% 
 Total 233 2,695 1,388 1,259 599,462 27 605,064 100% 
 ABPBY04040 HOUSE FINCH Carpodacus mexicanus Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 272 1,541 0 0 1,814 0.06% 
 2 375 252 522 0 0 0 1,149 0.04% 
 3 2,407 2,840 8,863 4,892 2 29 19,032 0.63% 
 4 6,453 57,304 18,908 4,121 2,893,373 318 2,980,477 99.27% 
 Total 9,235 60,396 28,565 10,554 2,893,375 347 3,002,471 100% 
 ABPAT02010 HORNED LARK Eremophila alpestris Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 281 1,713 0 0 1,995 0.02% 
 2 74 276 855 0 0 0 1,205 0.01% 
 3 4,933 9,149 7,401 12,787 2 26 34,297 0.29% 
 4 5,340 36,332 13,633 9,347 11,905,954 194 11,970,800 99.69% 
 Total 10,346 45,757 22,170 23,848 11,905,956 220 12,008,297 100% 
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 ABNJB20010 HOODED MERGANSER Lophodytes cucullatus Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 12 46 0 0 58 0.02% 
 2 81 0 122 0 0 0 203 0.07% 
 3 23,126 634 3,174 2,010 1 9 28,954 9.82% 
 4 31,414 45,006 5,445 4,070 179,451 181 265,568 90.09% 
 Total 54,621 45,641 8,753 6,126 179,452 191 294,783 100% 
 ABPBX16010 HOODED WARBLER Wilsonia citrina Percent Status 1 and 2: 1.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 21 0 0 21 0.11% 
 2 210 0 0 0 0 0 210 1.06% 
 3 1 5 174 4 0 0 184 0.93% 
 4 1 3,203 64 4 16,102 0 19,375 97.90% 
 Total 213 3,208 238 29 16,102 0 19,790 100% 
 ABPBG09010 HOUSE WREN Troglodytes aedon Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
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 ABPBX64030 INDIGO BUNTING Passerina cyanea Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 350 1,791 0 0 2,142 0.04% 
 2 424 299 893 0 0 0 1,616 0.03% 
 3 4,388 5,185 12,760 10,262 3 48 32,647 0.66% 
 4 8,754 73,052 23,734 8,809 4,760,004 365 4,874,718 99.26% 
 Total 13,566 78,537 37,738 20,862 4,760,007 413 4,911,123 100% 
 ABPBX11010 KENTUCKY WARBLER Oporornis formosus Percent Status 1 and 2: 1.80% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 24 0 0 24 0.28% 
 2 131 0 0 0 0 0 131 1.53% 
 3 0 162 3 0 0 0 165 1.92% 
 4 0 2,329 4 3 5,940 3 8,278 96.28% 
 Total 131 2,490 7 27 5,940 3 8,599 100% 
 ABNNB03090 KILLDEER Charadrius vociferus Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 306 1,737 0 0 2,043 0.02% 
 2 75 277 1,000 0 0 0 1,353 0.01% 
 3 5,725 9,825 8,140 14,151 3 32 37,875 0.31% 
 4 5,534 38,859 14,343 10,301 11,981,402 210 12,050,649 99.66% 
 Total 11,334 48,962 23,788 26,190 11,981,405 242 12,091,919 100% 
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 ABNME05020 KING RAIL Rallus elegans Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 5 10 0 0 15 0.02% 
 2 33 15 11 0 0 0 59 0.09% 
 3 13,720 390 34 305 0 0 14,449 20.94% 
 4 18,799 17,257 631 114 17,691 0 54,493 78.96% 
 Total 32,553 17,662 681 429 17,691 0 69,016 100% 
 ABPBX96010 LARK SPARROW Chondestes grammacus Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 237 2,103 0 0 2,340 0.02% 
 2 115 260 984 0 0 0 1,359 0.01% 
 3 4,596 5,427 8,138 11,134 2 12 29,309 0.26% 
 4 5,683 39,651 15,009 9,455 11,170,029 231 11,240,058 99.71% 
 Total 10,394 45,338 24,368 22,692 11,170,031 244 11,273,067 100% 
 ABNGA06040 LITTLE BLUE HERON Egretta caerulea Percent Status 1 and 2: 0.00% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 0 0 0 0 0 0.00% 
 3 0 0 0 2 0 0 2 0.25% 
 4 28 210 0 0 679 0 917 99.75% 
 Total 28 210 0 2 679 0 920 100% 
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 ABNGA02010 LEAST BITTERN Ixobrychus exilis Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 19 80 0 0 99 0.04% 
 2 34 18 128 0 0 0 179 0.06% 
 3 15,230 1,052 1,688 1,743 1 1 19,715 7.04% 
 4 28,122 45,259 4,633 2,191 179,719 136 260,061 92.86% 
 Total 43,386 46,329 6,467 4,014 179,720 138 280,054 100% 
 ABPAE33070 LEAST FLYCATCHER Empidonax minimus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 304 0 0 304 0.07% 
 2 377 0 43 0 0 0 421 0.09% 
 3 130 241 921 440 0 0 1,733 0.38% 
 4 62 10,819 1,133 9 443,678 1 455,703 99.46% 
 Total 570 11,060 2,098 754 443,678 1 458,161 100% 
 ABNSB13010 LONG-EARED OWL Asio otus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 171 999 0 0 1,170 0.05% 
 2 105 200 313 0 0 0 619 0.03% 
 3 1,487 1,920 4,430 3,328 1 14 11,180 0.51% 
 4 3,420 27,333 10,571 2,237 2,118,980 196 2,162,738 99.40% 
 Total 5,012 29,453 15,486 6,563 2,118,982 211 2,175,707 100% 
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 ABNNM08100 LEAST TERN Sterna antillarum Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 1 0 0 1 0.01% 
 2 0 0 1 0 0 0 1 0.03% 
 3 226 0 15 3 0 0 244 4.81% 
 4 72 620 13 0 4,134 0 4,839 95.15% 
 Total 298 620 29 4 4,134 0 5,086 100% 
 ABPBR01030 LOGGERHEAD SHRIKE Lanius ludovicianus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 ABPBX10030 LOUISIANA WATERTHRUSH Seiurus motacilla Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 81 0 0 81 0.05% 
 2 73 0 47 0 0 0 120 0.07% 
 3 405 447 1,387 826 0 4 3,069 1.76% 
 4 1,005 7,000 1,935 2,071 158,713 82 170,806 98.12% 
 Total 1,484 7,447 3,369 2,979 158,713 85 174,076 100% 
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 ABNJB10060 MALLARD Anas platyrhynchos Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 182 562 0 0 744 0.04% 
 2 106 105 579 0 0 0 789 0.05% 
 3 26,744 4,486 7,444 7,951 4 25 46,654 2.72% 
 4 35,218 68,560 14,268 7,447 1,539,900 328 1,665,719 97.19% 
 Total 62,068 73,150 22,472 15,960 1,539,904 353 1,713,907 100% 
 ABPBG10020 MARSH WREN Cistothorus palustris Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 89 151 0 0 240 0.08% 
 2 3 38 139 0 0 0 179 0.06% 
 3 1,592 2,392 1,908 2,108 1 2 8,003 2.56% 
 4 4,731 22,343 3,513 259 273,641 27 304,514 97.31% 
 Total 6,326 24,772 5,649 2,519 273,641 29 312,937 100% 
 ABNPB04040 MOURNING DOVE Zenaida macroura Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
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 ABNLC21020 NORTHERN BOBWHITE Colinus virginianus Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 185 1,903 0 0 2,088 0.03% 
 2 347 223 750 0 0 0 1,320 0.02% 
 3 4,870 3,420 10,595 9,723 2 30 28,640 0.41% 
 4 8,743 59,195 19,245 9,508 6,901,705 327 6,998,723 99.54% 
 Total 13,959 62,838 30,774 21,135 6,901,707 357 7,030,770 100% 
 ABPBX60010 NORTHERN CARDINAL Cardinalis cardinalis Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 ABNYF10020 NORTHERN FLICKER Colaptes auratus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
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 ABNKC11010 NORTHERN HARRIER Circus cyaneus Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 104 408 0 0 512 0.06% 
 2 4 91 272 0 0 0 367 0.04% 
 3 2,030 2,783 2,637 3,599 1 8 11,058 1.28% 
 4 2,602 17,677 5,449 1,652 821,806 66 849,252 98.61% 
 Total 4,636 20,551 8,462 5,659 821,807 74 861,189 100% 
 ABPBK03010 NORTHERN MOCKINGBIRD Mimus polyglottos Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 9 53 0 0 62 0.02% 
 2 0 8 33 0 0 0 41 0.02% 
 3 208 142 313 285 0 2 950 0.38% 
 4 683 3,243 1,218 356 244,275 28 249,802 99.58% 
 Total 891 3,393 1,572 694 244,275 30 250,855 100% 
 ABPBX02010 NORTHERN PARULA Parula americana Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 17 76 0 0 93 0.05% 
 2 73 0 63 0 0 0 136 0.08% 
 3 405 450 1,556 875 0 13 3,299 1.84% 
 4 1,002 7,279 1,677 2,077 163,363 82 175,478 98.03% 
 Total 1,480 7,729 3,312 3,028 163,363 94 179,006 100% 
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 ABNJB10110 NORTHERN PINTAIL Anas acuta Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 69 56 0 0 125 0.12% 
 2 0 26 8 0 0 0 33 0.03% 
 3 887 2,195 324 1,277 1 9 4,693 4.41% 
 4 0 16,602 1,901 0 83,032 0 101,534 95.44% 
 Total 887 18,823 2,301 1,333 83,032 9 106,386 100% 
 ABPAU07010 N. ROUGH-WINGED SWALLOW Stelgidopteryx serripennis Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 20 40 0 0 60 0.02% 
 2 35 4 91 0 0 0 130 0.03% 
 3 14,832 621 1,356 1,312 1 1 18,122 4.77% 
 4 27,625 38,854 3,978 1,991 288,663 140 361,251 95.18% 
 Total 42,492 39,479 5,445 3,343 288,663 140 379,563 100% 
 ABNJB10150 NORTHERN SHOVELER Anas clypeata Percent Status 1 and 2: 0.18% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 141 62 0 0 203 0.10% 
 2 0 42 122 0 0 0 164 0.08% 
 3 887 2,692 1,187 1,760 1 9 6,536 3.18% 
 4 18 23,305 3,110 19 172,329 0 198,782 96.64% 
 Total 905 26,039 4,561 1,841 172,330 9 205,686 100% 
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 ABPBXB9070 ORCHARD ORIOLE Icterus spurius Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 141 845 0 0 986 0.07% 
 2 597 63 317 0 0 0 977 0.07% 
 3 1,365 1,764 6,692 2,268 1 21 12,111 0.88% 
 4 4,602 48,751 12,587 2,540 1,286,484 171 1,355,134 98.97% 
 Total 6,565 50,578 19,737 5,652 1,286,484 192 1,369,207 100% 
 ABPBX10010 OVENBIRD Seiurus aurocapillus Percent Status 1 and 2: 1.78% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 24 0 0 24 0.28% 
 2 131 0 0 0 0 0 131 1.50% 
 3 0 162 3 0 0 0 165 1.89% 
 4 0 2,329 4 3 6,078 3 8,417 96.33% 
 Total 131 2,490 7 27 6,078 3 8,737 100% 
 ABNCA02010 PIED-BILLED GREBE Podilymbus podiceps Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 60 0 0 70 0.03% 
 2 34 16 76 0 0 0 127 0.06% 
 3 14,539 697 1,330 1,068 1 1 17,635 7.73% 
 4 27,615 42,646 4,156 1,754 134,039 126 210,335 92.18% 
 Total 42,187 43,359 5,573 2,883 134,040 126 228,168 100% 
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 ABNNB03070 PIPING PLOVER Charadrius melodus Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 1 0 0 1 0.03% 
 2 0 0 1 0 0 0 1 0.03% 
 3 36 0 13 5 0 0 54 1.37% 
 4 30 1,154 9 0 2,680 0 3,873 98.57% 
 Total 66 1,154 23 6 2,680 0 3,929 100% 
 ABPBY06030 PINE SISKIN Carduelis pinus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 122 764 0 0 887 0.08% 
 2 570 53 275 0 0 0 899 0.08% 
 3 1,205 1,627 6,287 1,923 1 20 11,063 0.99% 
 4 4,378 45,900 11,682 2,304 1,039,813 155 1,104,232 98.85% 
 Total 6,154 47,580 18,366 4,992 1,039,814 174 1,117,080 100% 
 ABNYF12020 PILEATED WOODPECKER Dryocopus pileatus Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 55 633 0 0 689 0.06% 
 2 624 53 347 0 0 0 1,024 0.09% 
 3 10,805 2,015 8,463 3,808 3 27 25,120 2.27% 
 4 9,602 50,470 13,593 5,292 999,139 202 1,078,299 97.57% 
 Total 21,030 52,538 22,458 9,734 999,142 230 1,105,132 100% 
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 ABPBX07010 PROTHONOTARY WARBLER Protonotaria citrea Percent Status 1 and 2: 0.43% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 1 0 0 1 0.01% 
 2 23 0 40 0 0 0 62 0.43% 
 3 159 83 465 188 0 0 894 6.12% 
 4 305 611 487 337 11,888 34 13,662 93.45% 
 Total 486 694 991 526 11,888 34 14,619 100% 
 ABPAU01010 PURPLE MARTIN Progne subis Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 158 1,178 0 0 1,336 0.04% 
 2 62 188 264 0 0 0 514 0.02% 
 3 1,441 2,909 3,341 3,572 1 11 11,274 0.35% 
 4 1,997 18,542 8,591 2,485 3,137,578 171 3,169,363 99.59% 
 Total 3,499 21,639 12,354 7,235 3,137,579 182 3,182,487 100% 
 ABPBX61030 ROSE-BREASTED GROSBEAK Pheucticus ludovicianus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 281 1,632 0 0 1,913 0.04% 
 2 484 259 848 0 0 0 1,591 0.03% 
 3 13,363 4,640 11,999 9,778 3 47 39,830 0.86% 
 4 11,714 69,962 21,723 8,923 4,452,307 336 4,564,965 99.06% 
 Total 25,560 74,861 34,851 20,333 4,452,310 384 4,608,299 100% 
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 ABNNM03100 RING-BILLED GULL Larus delawarensis Percent Status 1 and 2: 0.43% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 23 0 0 0 0 23 0.43% 
 3 0 294 13 53 0 4 364 6.74% 
 4 0 1,924 40 0 3,044 0 5,008 92.83% 
 Total 0 2,241 53 53 3,044 4 5,394 100% 
 ABNYF04170 RED-BELLIED WOODPECKER Melanerpes carolinus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 842 0 0 974 0.08% 
 2 617 53 378 0 0 0 1,049 0.08% 
 3 10,948 2,155 9,266 3,959 3 28 26,360 2.10% 
 4 9,757 54,999 14,907 5,384 1,143,917 212 1,229,175 97.74% 
 Total 21,322 57,207 24,683 10,185 1,143,920 240 1,257,558 100% 
 ABNJB11030 REDHEAD Aythya americana Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 7 8 0 0 15 0.06% 
 2 0 16 15 0 0 0 31 0.12% 
 3 541 425 51 303 0 0 1,321 4.92% 
 4 0 14,310 419 0 10,745 0 25,474 94.91% 
 Total 541 14,750 493 311 10,745 0 26,841 100% 
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 ABPBW01240 RED-EYED VIREO Vireo olivaceus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 130 811 0 0 941 0.08% 
 2 606 53 372 0 0 0 1,031 0.08% 
 3 10,878 2,071 9,064 3,914 3 27 25,957 2.13% 
 4 9,413 53,172 14,418 5,351 1,106,191 203 1,188,748 97.70% 
 Total 20,897 55,297 23,984 10,077 1,106,193 230 1,216,677 100% 
 ABNYF04040 RED-HEADED WOODPECKER Melanerpes erythrocephalus Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 149 901 0 0 1,051 0.07% 
 2 643 60 416 0 0 0 1,120 0.08% 
 3 11,092 2,264 9,564 4,265 3 30 27,218 1.85% 
 4 9,946 57,032 15,603 5,607 1,356,371 224 1,444,783 98.01% 
 Total 21,682 59,356 25,732 10,774 1,356,374 254 1,474,171 100% 
 ABNJB11040 RING-NECKED DUCK Aythya collaris Percent Status 1 and 2: 0.19% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 13 16 0 0 29 0.09% 
 2 0 16 18 0 0 0 33 0.10% 
 3 541 547 103 409 0 0 1,600 4.90% 
 4 0 15,815 637 0 14,541 0 30,993 94.91% 
 Total 541 16,378 770 425 14,541 0 32,655 100% 
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 ABNLC07010 RING-NECKED PHEASANT Phasianus colchicus Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 491 2,411 0 0 2,902 0.03% 
 2 477 365 1,220 0 0 0 2,062 0.02% 
 3 21,118 10,630 15,395 15,465 4 49 62,661 0.65% 
 4 37,652 126,502 31,212 12,468 9,419,250 505 9,627,590 99.30% 
 Total 59,246 137,497 48,318 30,344 9,419,254 554 9,695,214 100% 
 ABNKC19030 RED-SHOULDERED HAWK Buteo lineatus Percent Status 1 and 2: 0.44% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 372 0 0 372 0.17% 
 2 504 0 60 0 0 0 564 0.26% 
 3 9,686 834 2,163 619 0 0 13,302 6.25% 
 4 3,557 10,103 1,644 325 183,024 0 198,651 93.31% 
 Total 13,746 10,936 3,868 1,316 183,024 0 212,890 100% 
 ABPBX74030 EASTERN TOWHEE Pipilo erythrophthalmus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 164 1,627 0 0 1,791 0.05% 
 2 386 219 511 0 0 0 1,116 0.03% 
 3 3,452 2,641 9,311 7,051 1 30 22,487 0.62% 
 4 7,894 60,098 16,254 6,962 3,509,475 316 3,600,999 99.30% 
 Total 11,732 62,959 26,240 15,641 3,509,476 346 3,626,393 100% 
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 ABNKC19110 RED-TAILED HAWK Buteo jamaicensis Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 317 1,726 0 0 2,043 0.05% 
 2 392 297 784 0 0 0 1,472 0.03% 
 3 3,774 4,337 10,524 8,691 2 39 27,366 0.64% 
 4 7,917 66,422 21,283 6,984 4,137,498 321 4,240,427 99.28% 
 Total 12,083 71,056 32,908 17,401 4,137,500 360 4,271,308 100% 
 ABNUC45010 RUBY-THROATED HUMMINGBIRD Archilochus colubris Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 130 811 0 0 941 0.08% 
 2 606 53 372 0 0 0 1,031 0.08% 
 3 10,878 2,071 9,064 3,914 3 27 25,957 2.13% 
 4 9,413 53,172 14,418 5,351 1,106,191 203 1,188,748 97.70% 
 Total 20,897 55,297 23,984 10,077 1,106,193 230 1,216,677 100% 
 ABNJB22010 RUDDY DUCK Oxyura jamaicensis Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 7 13 0 0 20 0.05% 
 2 0 15 21 0 0 0 36 0.08% 
 3 689 458 223 295 0 0 1,665 3.84% 
 4 67 20,864 861 14 19,802 0 41,609 96.03% 
 Total 756 21,337 1,112 321 19,803 0 43,330 100% 
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 ABNLC11010 RUFFED GROUSE Bonasa umbellus Percent Status 1 and 2: 0.29% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 386 0 0 386 0.11% 
 2 564 5 56 0 0 0 625 0.18% 
 3 132 676 1,850 182 0 4 2,844 0.82% 
 4 116 18,957 2,339 394 320,479 1 342,286 98.89% 
 Total 812 19,638 4,245 963 320,479 5 346,141 100% 
 ABPBXB0010 RED-WINGED BLACKBIRD Agelaius phoeniceus Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 232 658 0 0 890 0.03% 
 2 37 137 768 0 0 0 942 0.04% 
 3 4,381 6,492 5,544 10,103 1 30 26,552 1.01% 
 4 4,018 28,957 9,116 6,052 2,547,049 92 2,595,285 98.92% 
 Total 8,435 35,587 15,660 16,813 2,547,051 122 2,623,668 100% 
 ABNMK01010 SANDHILL CRANE Grus canadensis Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 124 199 0 0 323 0.03% 
 2 58 80 295 0 0 0 433 0.04% 
 3 16,538 3,141 3,811 5,109 1 7 28,608 2.77% 
 4 18,460 28,844 6,618 1,408 946,395 78 1,001,803 97.15% 
 Total 35,056 32,064 10,848 6,716 946,397 85 1,031,168 100% 
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 ABPBX99010 SAVANNAH SPARROW Passerculus sandwichensis Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 121 365 0 0 486 0.07% 
 2 7 24 236 0 0 0 267 0.04% 
 3 862 2,016 1,742 2,607 1 4 7,232 1.05% 
 4 673 8,220 3,898 1,141 669,532 53 683,517 98.85% 
 Total 1,542 10,260 5,997 4,114 669,532 57 691,502 100% 
 ABPBX45040 SCARLET TANAGER Piranga olivacea Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 60 749 0 0 809 0.07% 
 2 624 44 235 0 0 0 903 0.08% 
 3 10,778 1,858 8,722 3,480 3 27 24,868 2.25% 
 4 9,632 52,212 12,954 5,292 1,000,752 206 1,081,048 97.60% 
 Total 21,033 54,114 21,971 9,521 1,000,755 233 1,107,628 100% 
 ABNSB13040 SHORT-EARED OWL Asio flammeus Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 35 627 0 0 662 0.11% 
 2 4 51 46 0 0 0 100 0.02% 
 3 160 1,012 342 487 0 0 2,001 0.33% 
 4 70 1,632 965 145 599,462 27 602,300 99.54% 
 Total 233 2,695 1,388 1,259 599,462 27 605,064 100% 
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 ABPBG10010 SEDGE WREN Cistothorus platensis Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 152 417 0 0 569 0.06% 
 2 5 91 395 0 0 0 491 0.05% 
 3 2,126 3,355 2,994 4,693 1 15 13,184 1.37% 
 4 2,169 16,993 5,685 2,206 917,844 67 944,964 98.52% 
 Total 4,301 20,439 9,225 7,316 917,845 82 959,208 100% 
 ABNME08020 SORA Porzana carolina Percent Status 1 and 2: 0.25% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 16 68 0 0 84 0.13% 
 2 0 16 71 0 0 0 86 0.13% 
 3 672 633 774 887 0 0 2,967 4.44% 
 4 1,344 5,859 1,216 385 54,911 9 63,724 95.31% 
 Total 2,016 6,507 2,077 1,340 54,912 10 66,861 100% 
 ABPBXA3010 SONG SPARROW Melospiza melodia Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 349 1,772 0 0 2,120 0.04% 
 2 423 297 890 0 0 0 1,610 0.03% 
 3 4,380 5,162 12,670 10,236 3 48 32,498 0.67% 
 4 8,728 72,320 23,587 8,818 4,736,485 363 4,850,301 99.26% 
 Total 13,531 77,778 37,496 20,825 4,736,488 411 4,886,529 100% 
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 ABNNF04020 SPOTTED SANDPIPER Actitis macularia Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 62 0 0 72 0.03% 
 2 34 16 77 0 0 0 127 0.05% 
 3 14,539 697 1,362 1,076 1 1 17,675 7.57% 
 4 27,615 42,675 4,167 1,755 139,219 126 215,556 92.34% 
 Total 42,188 43,388 5,615 2,893 139,219 127 233,430 100% 
 ABPBX45030 SUMMER TANAGER Piranga rubra Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 40 226 0 0 267 0.05% 
 2 0 5 129 0 0 0 134 0.02% 
 3 2,256 819 2,570 2,251 0 27 7,924 1.38% 
 4 8,588 27,887 5,896 4,800 518,237 21 565,428 98.55% 
 Total 10,844 28,711 8,635 7,276 518,238 48 573,752 100% 
 ABNKC19070 SWAINSON'S HAWK Buteo swainsoni Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 268 1,154 0 0 1,422 0.09% 
 2 0 80 510 0 0 0 590 0.04% 
 3 785 2,329 5,380 3,199 1 8 11,701 0.72% 
 4 508 29,061 9,373 68 1,562,722 18 1,601,750 99.15% 
 Total 1,293 31,469 15,530 4,422 1,562,723 27 1,615,463 100% 
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 ABPBXA3030 SWAMP SPARROW Melospiza georgiana Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 130 375 0 0 505 0.12% 
 2 4 39 172 0 0 0 215 0.05% 
 3 1,160 2,461 2,000 2,705 1 4 8,330 1.99% 
 4 1,952 11,150 3,959 321 392,784 25 410,191 97.84% 
 Total 3,116 13,649 6,260 3,401 392,785 30 419,240 100% 
 ABPAU03010 TREE SWALLOW Tachycineta bicolor Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 172 817 0 0 989 0.05% 
 2 313 120 544 0 0 0 976 0.05% 
 3 17,515 4,294 7,217 6,382 2 21 35,432 1.80% 
 4 32,674 77,731 17,125 5,506 1,801,047 383 1,934,466 98.10% 
 Total 50,502 82,145 25,058 12,705 1,801,050 405 1,971,864 100% 
 ABNKA02010 TURKEY VULTURE Cathartes aura Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 419 2,583 0 0 3,002 0.06% 
 2 714 313 816 0 0 0 1,842 0.04% 
 3 13,052 6,623 14,167 9,126 4 41 43,013 0.83% 
 4 12,608 81,655 26,463 8,177 5,003,623 423 5,132,950 99.08% 
 Total 26,375 88,590 41,864 19,886 5,003,628 464 5,180,807 100% 
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 ABNNF06010 UPLAND SANDPIPER Bartramia longicauda Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 289 1,774 0 0 2,063 0.05% 
 2 101 259 447 0 0 0 808 0.02% 
 3 2,202 4,560 5,132 5,238 2 14 17,148 0.42% 
 4 3,322 28,869 12,349 2,911 3,984,124 225 4,031,802 99.51% 
 Total 5,626 33,689 18,217 9,923 3,984,126 238 4,051,820 100% 
 ABPBJ18080 VEERY Catharus fuscescens Percent Status 1 and 2: 0.39% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 2 111 0 0 113 0.10% 
 2 267 0 37 0 0 0 304 0.28% 
 3 251 447 2,050 510 0 0 3,258 3.02% 
 4 723 9,871 2,061 913 90,466 17 104,052 96.59% 
 Total 1,241 10,319 4,150 1,534 90,466 17 107,727 100% 
 ABPBX95010 VESPER SPARROW Pooecetes gramineus Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 397 2,303 0 0 2,700 0.02% 
 2 114 346 994 0 0 0 1,454 0.01% 
 3 5,093 10,456 8,834 13,790 3 29 38,205 0.30% 
 4 5,528 45,263 17,004 9,354 12,687,416 238 12,764,802 99.67% 
 Total 10,735 56,065 27,229 25,447 12,687,419 267 12,807,161 100% 
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 ABNME05030 VIRGINIA RAIL Rallus limicola Percent Status 1 and 2: 0.26% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 16 53 0 0 68 0.13% 
 2 0 16 53 0 0 0 68 0.13% 
 3 908 621 677 818 0 0 3,025 5.81% 
 4 1,572 5,415 1,022 97 40,773 9 48,888 93.93% 
 Total 2,480 6,053 1,767 968 40,773 10 52,050 100% 
 ABPBW01210 WARBLING VIREO Vireo gilvus Percent Status 1 and 2: 0.19% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 30 208 0 0 238 0.07% 
 2 219 3 142 0 0 0 364 0.11% 
 3 10,057 725 3,143 1,630 1 13 15,569 4.87% 
 4 4,727 12,901 4,098 2,428 279,193 90 303,437 94.94% 
 Total 15,002 13,629 7,413 4,266 279,194 104 319,608 100% 
 ABPAZ01020 WHITE-BREASTED NUTHATCH Sitta carolinensis Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 842 0 0 974 0.08% 
 2 617 53 378 0 0 0 1,049 0.08% 
 3 10,948 2,155 9,266 3,959 3 28 26,360 2.10% 
 4 9,757 54,999 14,907 5,384 1,143,917 212 1,229,175 97.74% 
 Total 21,322 57,207 24,683 10,185 1,143,920 240 1,257,558 100% 
 50 
 ABNCA04010 WESTERN GREBE Aechmophorus occidentalis Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 3 0 0 3 0.02% 
 2 0 8 0 0 0 0 8 0.07% 
 3 0 183 13 56 0 0 252 2.38% 
 4 0 8,056 28 0 2,235 0 10,319 97.52% 
 Total 0 8,246 41 58 2,235 0 10,581 100% 
 ABPAE52050 WESTERN KINGBIRD Tyrannus verticalis Percent Status 1 and 2: 0.28% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 138 914 0 0 1,052 0.25% 
 2 0 0 104 0 0 0 104 0.03% 
 3 366 518 1,718 534 0 1 3,137 0.76% 
 4 162 8,537 2,624 15 398,275 16 409,630 98.96% 
 Total 528 9,055 4,584 1,463 398,276 17 413,923 100% 
 ABPBXB2030 WESTERN MEADOWLARK Sturnella neglecta Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 396 2,284 0 0 2,680 0.02% 
 2 114 344 993 0 0 0 1,450 0.01% 
 3 5,107 10,035 8,556 13,046 2 29 36,775 0.30% 
 4 5,624 43,446 16,518 9,442 12,264,246 239 12,339,515 99.67% 
 Total 10,845 53,825 26,462 24,772 12,264,249 268 12,380,421 100% 
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 ABPBW01020 WHITE-EYED VIREO Vireo griseus Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 51 598 0 0 649 0.03% 
 2 392 219 298 0 0 0 910 0.04% 
 3 2,967 2,134 5,440 5,896 1 30 16,469 0.68% 
 4 7,553 37,522 11,247 6,937 2,331,071 198 2,394,528 99.25% 
 Total 10,912 39,875 17,036 13,431 2,331,072 229 2,412,556 100% 
 ABPBX08010 WORM-EATING WARBLER Helmitheros vermivorus Percent Status 1 and 2: 0.26% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 30 371 0 0 400 0.10% 
 2 564 0 32 0 0 0 596 0.15% 
 3 374 855 2,175 634 0 13 4,050 1.05% 
 4 1,907 14,600 3,352 658 360,905 101 381,524 98.69% 
 Total 2,845 15,454 5,588 1,662 360,906 114 386,570 100% 
 ABPAE33040 WILLOW FLYCATCHER Empidonax traillii Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 38 184 0 0 221 0.04% 
 2 101 22 253 0 0 0 375 0.07% 
 3 25,163 1,692 4,760 3,894 2 12 35,524 6.75% 
 4 33,683 56,211 8,377 5,197 386,764 212 490,445 93.14% 
 Total 58,946 57,925 13,428 9,275 386,767 224 526,565 100% 
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 ABNNF20010 WILSON'S PHALAROPE Phalaropus tricolor Percent Status 1 and 2: 0.27% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 34 26 0 0 61 0.12% 
 2 0 41 37 0 0 0 77 0.15% 
 3 837 1,618 96 683 0 4 3,238 6.35% 
 4 0 13,932 559 0 33,097 0 47,588 93.38% 
 Total 837 15,591 725 710 33,098 4 50,964 100% 
 ABNLC14010 WILD TURKEY Meleagris gallopavo Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 456 2,199 0 0 2,656 0.03% 
 2 404 335 1,030 0 0 0 1,768 0.02% 
 3 5,441 8,273 12,625 12,820 3 47 39,209 0.43% 
 4 8,773 75,545 25,152 9,518 8,907,011 340 9,026,338 99.52% 
 Total 14,617 84,153 39,263 24,537 8,907,014 387 9,069,971 100% 
 ABPBG09050 WINTER WREN Troglodytes troglodytes Percent Status 1 and 2: 1.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 8 0 0 8 0.67% 
 2 6 0 0 0 0 0 6 0.49% 
 3 1 24 13 3 0 0 41 3.33% 
 4 3 73 8 1 1,102 0 1,187 95.50% 
 Total 11 97 21 12 1,102 0 1,243 100% 
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 ABNJB09010 WOOD DUCK Aix sponsa Percent Status 1 and 2: 0.12% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 27 132 0 0 159 0.04% 
 2 81 18 222 0 0 0 321 0.08% 
 3 24,088 1,523 4,283 3,469 2 10 33,375 8.31% 
 4 32,924 52,985 7,383 4,768 269,553 193 367,805 91.57% 
 Total 57,093 54,526 11,915 8,369 269,555 203 401,660 100% 
 ABPBJ19010 WOOD THRUSH Hylocichla mustelina Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 129 809 0 0 939 0.08% 
 2 613 53 369 0 0 0 1,035 0.09% 
 3 10,850 2,062 9,035 3,888 3 27 25,865 2.29% 
 4 9,286 52,785 14,114 5,265 1,019,499 199 1,101,148 97.53% 
 Total 20,749 54,901 23,647 9,963 1,019,502 226 1,128,987 100% 
 ABNTA07070 WHIP-POOR-WILL Caprimulgus vociferus Percent Status 1 and 2: 0.18% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 118 718 0 0 835 0.09% 
 2 564 53 264 0 0 0 881 0.09% 
 3 1,107 1,491 5,898 1,808 1 17 10,321 1.06% 
 4 3,904 42,913 10,432 2,178 904,206 140 963,773 98.77% 
 Total 5,575 44,458 16,711 4,704 904,206 158 975,811 100% 
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 ABPBX24010 YELLOW-BREASTED CHAT Icteria virens Percent Status 1 and 2: 0.06% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 52 617 0 0 668 0.03% 
 2 402 0 252 0 0 0 653 0.03% 
 3 1,845 2,203 3,493 4,365 1 18 11,925 0.56% 
 4 7,908 37,564 8,784 7,456 2,039,999 203 2,101,914 99.37% 
 Total 10,155 39,767 12,580 12,438 2,040,000 221 2,115,161 100% 
 ABNRB02020 YELLOW-BILLED CUCKOO Coccyzus americanus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 130 809 0 0 938 0.08% 
 2 560 53 348 0 0 0 960 0.08% 
 3 2,729 2,011 8,610 3,626 3 27 17,004 1.43% 
 4 5,833 50,276 13,611 4,469 1,092,042 189 1,166,419 98.41% 
 Total 9,121 52,340 22,698 8,903 1,092,045 216 1,185,322 100% 
 ABNYF05010 YELLOW-BELLIED SAPSUCKER Sphyrapicus varius Percent Status 1 and 2: 0.43% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 76 304 0 0 381 0.14% 
 2 580 9 181 0 0 0 770 0.29% 
 3 6,507 622 2,821 526 0 0 10,476 3.88% 
 4 642 12,798 3,083 26 241,741 1 258,291 95.69% 
 Total 7,728 13,429 6,161 856 241,742 1 269,917 100% 
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 ABNGA13010 YELLOW-CROWNED NIGHT-HERON Nyctanassa violacea Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 8 7 0 0 15 0.03% 
 2 22 0 11 0 0 0 33 0.07% 
 3 9,398 194 325 655 0 6 10,578 21.49% 
 4 3,969 2,389 614 656 30,940 35 38,604 78.41% 
 Total 13,389 2,583 959 1,318 30,940 40 49,230 100% 
 ABPBXB3010 YELLOW-HEADED BLACKBIRD Xanthocephalus xanthocephalus Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 61 0 0 71 0.04% 
 2 34 15 72 0 0 0 121 0.07% 
 3 14,035 520 1,218 865 0 0 16,638 9.97% 
 4 14,792 36,645 3,101 1,610 93,889 31 150,068 89.92% 
 Total 28,862 37,179 4,401 2,536 93,889 31 166,898 100% 
 ABPBW01170 YELLOW-THROATED VIREO Vireo flavifrons Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
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 ABPBX03130 YELLOW-THROATED WARBLER Dendroica dominica Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 124 0 0 124 0.12% 
 2 5 0 40 0 0 0 45 0.04% 
 3 6,141 466 457 479 0 4 7,547 7.15% 
 4 3,940 4,812 825 1,513 86,754 3 97,847 92.69% 
 Total 10,085 5,278 1,322 2,116 86,754 7 105,563 100% 
 ABPBX03010 YELLOW WARBLER Dendroica petechia Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 353 1,851 0 0 2,203 0.04% 
 2 489 299 944 0 0 0 1,732 0.03% 
 3 14,140 5,346 13,215 11,051 3 48 43,803 0.88% 
 4 13,280 78,643 24,178 9,789 4,788,643 370 4,914,903 99.04% 
 Total 27,909 84,289 38,689 22,691 4,788,646 418 4,962,642 100% 
 Grand Total 2,359,782 6,131,896 2,375,558 1,366,473 319,969,659 27,110 332,230,479 
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 Appendix D.5.  Area (ha) of predicted distribution for 53 mammal species in Iowa by stewardship category and management status. 
 AMABA03010 NORTHERN SHORT-TAILED SHREW Blarina brevicauda Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 423 2,638 0 0 3,061 0.06% 
 2 727 315 829 0 0 0 1,871 0.03% 
 3 13,169 6,749 14,517 9,242 5 42 43,723 0.82% 
 4 13,148 84,796 27,496 8,324 5,170,633 440 5,304,837 99.09% 
 Total 27,044 91,860 43,266 20,203 5,170,638 482 5,353,493 100% 
 AMABA03030 ELLIOT'S SHORT-TAILED SHREW Blarina hylophaga Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 208 0 0 208 0.02% 
 2 0 269 198 0 0 0 467 0.03% 
 3 0 676 1,038 1,880 0 13 3,606 0.27% 
 4 3,456 20,699 4,072 1,389 1,325,848 43 1,355,507 99.69% 
 Total 3,456 21,645 5,307 3,478 1,325,848 55 1,359,789 100% 
 AMAFE01010 BEAVER Castor canadensis Percent Status 1 and 2: 0.18% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 50 285 0 0 334 0.07% 
 2 308 5 210 0 0 0 523 0.11% 
 3 10,326 1,148 4,857 2,326 1 17 18,676 3.95% 
 4 7,528 24,661 7,480 3,704 409,870 172 453,415 95.87% 
 Total 18,162 25,815 12,597 6,314 409,872 189 472,947 100% 
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 AMAJA01010 COYOTE Canis latrans Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 572 3,198 0 0 3,770 0.03% 
 2 740 404 1,568 0 0 0 2,712 0.02% 
 3 17,795 13,716 19,447 20,010 6 63 71,037 0.50% 
 4 17,252 106,943 33,511 16,478 14,083,139 482 14,257,805 99.46% 
 Total 35,787 121,064 55,098 39,686 14,083,145 545 14,335,325 100% 
 AMABA04010 LEAST SHREW Cryptotis parva Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 141 0 0 141 0.05% 
 2 0 0 0 0 0 0 0 0.00% 
 3 309 109 618 308 0 0 1,344 0.51% 
 4 130 3,389 689 0 256,032 4 260,244 99.43% 
 Total 439 3,499 1,307 449 256,032 4 261,729 100% 
 AMAAA01010 VIRGINIA OPOSSUM Didelphis virginiana Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 109 528 0 0 636 0.06% 
 2 367 38 547 0 0 0 953 0.09% 
 3 26,553 2,984 8,780 6,263 3 32 44,615 4.27% 
 4 36,600 78,561 15,078 7,643 860,913 332 999,127 95.58% 
 Total 63,521 81,584 24,513 14,433 860,916 364 1,045,331 100% 
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 AMACC04010 BIG BROWN BAT Eptesicus fuscus Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 550 3,202 0 0 3,753 0.03% 
 2 763 405 1,476 0 0 0 2,644 0.02% 
 3 30,974 13,284 19,658 19,244 6 57 83,224 0.58% 
 4 42,820 141,899 36,399 16,839 14,063,554 588 14,302,099 99.38% 
 Total 74,557 155,588 58,083 39,285 14,063,561 646 14,391,719 100% 
 AMAFC02010 PLAINS POCKET GOPHER Geomys bursarius Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 13 78 0 0 90 0.03% 
 2 0 1 53 0 0 0 54 0.02% 
 3 294 607 850 879 0 0 2,629 0.86% 
 4 852 2,794 985 441 299,028 47 304,148 99.10% 
 Total 1,146 3,402 1,900 1,397 299,029 47 306,921 100% 
 AMAFB09010 FLYING SQUIRREL Glaucomys volans Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 119 678 0 0 797 0.07% 
 2 613 53 361 0 0 0 1,027 0.09% 
 3 10,706 1,957 8,357 3,770 3 26 24,819 2.26% 
 4 9,259 49,149 13,761 5,265 991,955 194 1,069,582 97.57% 
 Total 20,578 51,159 22,598 9,713 991,957 220 1,096,224 100% 
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 AMACC05010 RED BAT Lasiurus borealis Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 350 1,842 0 0 2,192 0.04% 
 2 486 299 933 0 0 0 1,717 0.03% 
 3 13,718 5,232 12,912 10,604 3 48 42,518 0.86% 
 4 12,579 75,276 23,845 9,125 4,769,209 366 4,890,399 99.06% 
 Total 26,783 80,807 38,040 21,571 4,769,212 414 4,936,827 100% 
 AMACC05030 HOARY BAT Lasiurus cinereus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,742 0 0 2,060 0.05% 
 2 386 299 787 0 0 0 1,471 0.03% 
 3 3,781 4,354 10,589 8,714 2 39 27,477 0.64% 
 4 7,894 67,006 21,406 6,978 4,147,851 324 4,251,460 99.28% 
 Total 12,061 71,659 33,100 17,433 4,147,853 363 4,282,468 100% 
 AMACC02010 SILVER-HAIRED BAT Lasionycteris noctivagans Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 79 431 0 0 511 0.04% 
 2 382 27 365 0 0 0 775 0.06% 
 3 25,151 2,090 6,989 4,284 2 25 38,541 2.92% 
 4 35,132 68,467 14,615 6,471 1,156,933 390 1,282,007 96.99% 
 Total 60,665 70,585 22,048 11,186 1,156,935 415 1,321,833 100% 
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 AMAEB03040 WHITE-TAILED JACKRABBIT Lepus townsendii Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 231 265 0 0 496 0.03% 
 2 0 36 222 0 0 0 258 0.01% 
 3 1,453 3,733 2,868 2,939 1 5 10,998 0.62% 
 4 1,769 14,808 7,834 2,584 1,730,324 204 1,757,521 99.34% 
 Total 3,221 18,577 11,155 5,787 1,730,325 209 1,769,274 100% 
 AMAJF08010 RIVER OTTER Lutra canadensis Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 68 389 0 0 456 0.03% 
 2 256 16 333 0 0 0 605 0.04% 
 3 11,570 1,916 4,952 4,292 2 23 22,755 1.67% 
 4 6,316 19,921 7,128 4,178 1,298,166 127 1,335,835 98.25% 
 Total 18,143 21,854 12,480 8,858 1,298,167 150 1,359,652 100% 
 AMAJH03020 BOBCAT Lynx rufus Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 840 0 0 972 0.08% 
 2 624 53 376 0 0 0 1,053 0.09% 
 3 10,921 2,146 9,237 3,934 3 28 26,268 2.25% 
 4 9,632 54,615 14,603 5,298 1,057,320 207 1,141,675 97.58% 
 Total 21,176 56,814 24,348 10,072 1,057,322 236 1,169,968 100% 
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 AMAFB03010 WOODCHUCK Marmota monax Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 293 1,601 0 0 1,895 0.06% 
 2 453 252 566 0 0 0 1,272 0.04% 
 3 2,670 3,249 9,397 5,300 2 31 20,649 0.64% 
 4 6,770 59,978 19,722 4,355 3,090,323 324 3,181,471 99.26% 
 Total 9,894 63,479 29,978 11,256 3,090,325 355 3,205,287 100% 
 AMAJF06010 STRIPED SKUNK Mephitis mephitis Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 80 422 0 0 502 0.06% 
 2 2 123 237 0 0 0 361 0.04% 
 3 1,513 2,429 2,755 3,280 1 6 9,985 1.17% 
 4 2,443 18,219 5,920 1,531 817,244 51 845,408 98.73% 
 Total 3,958 20,771 8,992 5,233 817,244 57 856,256 100% 
 AMAFF11140 PRAIRIE VOLE Microtus ochrogaster Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 398 2,306 0 0 2,704 0.02% 
 2 115 346 997 0 0 0 1,457 0.01% 
 3 5,123 10,470 8,875 13,821 3 29 38,320 0.30% 
 4 5,684 45,752 17,338 9,455 12,782,182 243 12,860,654 99.67% 
 Total 10,922 56,568 27,607 25,582 12,782,185 271 12,903,135 100% 
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 AMAFF11010 MEADOW VOLE Microtus pennsylvanicus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 181 551 0 0 732 0.04% 
 2 79 108 516 0 0 0 704 0.04% 
 3 17,205 4,125 4,958 6,356 2 19 32,665 1.93% 
 4 30,497 62,261 12,183 4,908 1,547,681 286 1,657,816 97.98% 
 Total 47,782 66,494 17,838 11,815 1,547,683 305 1,691,917 100% 
 AMAFF11150 WOODLAND VOLE Microtus pinetorum Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 39 616 0 0 655 0.07% 
 2 575 44 176 0 0 0 795 0.08% 
 3 1,114 1,401 5,368 1,644 1 19 9,546 0.99% 
 4 4,248 42,778 9,893 2,211 893,291 145 952,567 98.86% 
 Total 5,937 44,224 15,476 4,471 893,291 164 963,563 100% 
 AMAJF02010 ERMINE Mustela erminea Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 283 343 0 0 626 0.04% 
 2 391 96 711 0 0 0 1,197 0.07% 
 3 13,689 5,727 10,009 7,737 3 20 37,185 2.10% 
 4 2,094 56,306 14,236 4,699 1,656,473 240 1,734,047 97.80% 
 Total 16,174 62,128 25,238 12,779 1,656,477 259 1,773,056 100% 
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 AMAJF02030 LONG-TAILED WEASEL Mustela frenata Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 320 1,125 0 0 1,445 0.04% 
 2 403 171 1,187 0 0 0 1,761 0.04% 
 3 30,224 8,921 13,685 15,474 5 55 68,364 1.73% 
 4 41,081 103,249 24,513 13,339 3,704,569 482 3,887,233 98.19% 
 Total 71,708 112,341 39,704 29,938 3,704,574 538 3,958,803 100% 
 AMAJF02020 LEAST WEASEL Mustela nivalis Percent Status 1 and 2: 0.11% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 160 445 0 0 606 0.06% 
 2 8 95 431 0 0 0 534 0.05% 
 3 2,610 3,518 3,363 5,162 1 17 14,671 1.40% 
 4 2,874 20,632 6,353 2,669 997,842 78 1,030,447 98.49% 
 Total 5,491 24,245 10,307 8,277 997,843 95 1,046,257 100% 
 AMAJF02050 MINK Mustela vison Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 86 436 0 0 521 0.04% 
 2 76 103 280 0 0 0 458 0.03% 
 3 15,744 2,485 3,506 3,703 1 10 25,450 1.83% 
 4 29,654 56,436 10,778 3,405 1,260,293 268 1,360,835 98.09% 
 Total 45,474 59,024 14,650 7,543 1,260,295 278 1,387,264 100% 
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 AMACC01010 LITTLE BROWN BAT Myotis lucifugus Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 135 880 0 0 1,015 0.07% 
 2 651 55 435 0 0 0 1,141 0.07% 
 3 25,234 2,452 10,399 4,666 3 29 42,783 2.80% 
 4 36,179 94,374 18,899 7,080 1,325,141 338 1,482,011 97.06% 
 Total 62,063 96,882 29,868 12,627 1,325,144 367 1,526,951 100% 
 AMACC01150 NORTHERN MYOTIS Myotis septentrionalis Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 132 842 0 0 974 0.08% 
 2 617 53 378 0 0 0 1,049 0.08% 
 3 10,948 2,155 9,266 3,959 3 28 26,360 2.10% 
 4 9,757 54,999 14,907 5,384 1,143,917 212 1,229,175 97.74% 
 Total 21,322 57,207 24,683 10,185 1,143,920 240 1,257,558 100% 
 AMACC01100 INDIANNA BAT Myotis sodalis Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 41 515 0 0 556 0.06% 
 2 545 44 156 0 0 0 745 0.08% 
 3 8,109 1,831 5,188 3,720 1 27 18,876 2.01% 
 4 10,542 36,156 10,011 5,647 857,704 219 920,279 97.85% 
 Total 19,197 38,031 15,396 9,882 857,705 246 940,456 100% 
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 AMACC06010 EVENING BAT Nycticeius humeralis Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 54 688 0 0 742 0.07% 
 2 545 44 236 0 0 0 825 0.07% 
 3 7,761 1,819 8,119 3,482 3 27 21,211 1.92% 
 4 9,726 44,645 12,011 5,431 1,010,917 210 1,082,940 97.94% 
 Total 18,031 46,508 20,420 9,601 1,010,919 238 1,105,718 100% 
 AMALC02020 WHITE-TAILED DEER Odocoileus virginianus Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 519 3,069 0 0 3,588 0.03% 
 2 689 399 1,269 0 0 0 2,358 0.02% 
 3 6,300 12,088 15,132 15,718 3 48 49,289 0.35% 
 4 9,933 91,256 28,713 11,666 13,735,266 393 13,877,228 99.60% 
 Total 16,923 103,743 45,633 30,453 13,735,270 441 13,932,463 100% 
 AMAFF06010 NORTHERN GRASSHOPPER MOUSE Onychomys leucogaster Percent Status 1 and 2: 0.01% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 0 0 0 0 0.00% 
 2 0 0 1 0 0 0 1 0.01% 
 3 57 37 53 62 0 0 209 1.15% 
 4 40 878 74 7 16,939 1 17,939 98.84% 
 Total 97 915 127 69 16,939 1 18,149 100% 
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 AMAFF15010 MUSKRAT Ondatra zibethicus Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 10 60 0 0 70 0.03% 
 2 34 16 77 0 0 0 127 0.06% 
 3 14,568 697 1,348 1,071 1 1 17,685 7.67% 
 4 27,838 43,086 4,166 1,768 135,655 126 212,638 92.24% 
 Total 42,440 43,799 5,601 2,899 135,655 127 230,521 100% 
 AMAFD01020 PLAINS POCKET MOUSE Perognathus flavescens Percent Status 1 and 2: 0.17% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 0 32 0 0 32 0.14% 
 2 0 0 6 0 0 0 6 0.03% 
 3 182 206 247 139 0 0 774 3.45% 
 4 33 709 122 0 20,781 0 21,645 96.38% 
 Total 215 915 375 171 20,781 0 22,457 100% 
 AMAFF03070 WHITE-FOOTED MOUSE Peromyscus leucopus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 12 61 0 0 73 0.06% 
 2 0 0 30 0 0 0 30 0.02% 
 3 210 337 541 372 0 0 1,460 1.11% 
 4 462 1,702 738 163 126,569 46 129,680 98.81% 
 Total 672 2,039 1,321 596 126,569 46 131,243 100% 
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 AMAFF03040 DEER MOUSE Peromyscus maniculatus Percent Status 1 and 2: 0.07% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 292 1,797 0 0 2,089 0.05% 
 2 103 262 454 0 0 0 818 0.02% 
 3 2,248 4,603 5,280 5,308 2 14 17,455 0.42% 
 4 3,516 30,181 12,893 3,026 4,113,313 233 4,163,162 99.51% 
 Total 5,868 35,046 18,918 10,131 4,113,315 246 4,183,524 100% 
 AMACC03020 EASTERN PIPISTRELLE Pipistrellus subflavus Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 150 869 0 0 1,018 0.07% 
 2 618 57 426 0 0 0 1,101 0.08% 
 3 11,565 2,527 9,731 4,660 3 28 28,514 2.09% 
 4 10,926 57,211 15,501 5,816 1,242,527 225 1,332,205 97.75% 
 Total 23,109 59,795 25,807 11,345 1,242,529 253 1,362,838 100% 
 AMAJE02010 RACCOON Procyon lotor Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 176 947 0 0 1,123 0.07% 
 2 645 64 567 0 0 0 1,277 0.08% 
 3 12,197 2,994 10,528 5,728 3 36 31,486 1.97% 
 4 10,653 61,730 16,637 6,825 1,470,492 246 1,566,583 97.88% 
 Total 23,495 64,787 27,908 13,501 1,470,495 282 1,600,469 100% 
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 AMAFF02030 WESTERN HARVEST MOUSE Reithrodontomys megalotis Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 415 2,333 0 0 2,748 0.02% 
 2 115 350 1,044 0 0 0 1,509 0.01% 
 3 5,740 10,843 9,340 14,523 3 29 40,478 0.31% 
 4 6,860 47,971 17,934 9,889 12,881,689 256 12,964,599 99.66% 
 Total 12,715 59,164 28,734 26,744 12,881,692 284 13,009,334 100% 
 AMABB04010 EASTERN MOLE Scalopus aquaticus Percent Status 1 and 2: 0.04% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 537 3,096 0 0 3,633 0.03% 
 2 690 403 1,317 0 0 0 2,410 0.02% 
 3 6,963 12,486 15,611 16,548 4 48 51,659 0.37% 
 4 11,197 93,944 29,453 12,184 13,898,759 406 14,045,943 99.59% 
 Total 18,849 106,833 46,918 31,828 13,898,763 455 14,103,645 100% 
 AMAFB07010 GRAY SQUIRREL Sciurus carolinenesis Percent Status 1 and 2: 0.14% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 50 571 0 0 621 0.06% 
 2 606 44 226 0 0 0 877 0.08% 
 3 10,510 1,714 8,141 3,495 3 26 23,889 2.20% 
 4 9,377 47,196 11,836 5,345 984,778 198 1,058,731 97.66% 
 Total 20,494 48,954 20,254 9,411 984,780 224 1,084,118 100% 
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 AMAFB07040 FOX SQUIRREL Sciurus niger Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 130 811 0 0 941 0.08% 
 2 606 53 372 0 0 0 1,031 0.08% 
 3 10,878 2,071 9,064 3,914 3 27 25,957 2.13% 
 4 9,413 53,172 14,418 5,351 1,106,191 203 1,188,748 97.70% 
 Total 20,897 55,297 23,984 10,077 1,106,193 230 1,216,677 100% 
 AMABA01010 MASKED SHREW Sorex cinereus Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 448 2,663 0 0 3,111 0.06% 
 2 728 316 977 0 0 0 2,021 0.04% 
 3 14,258 7,450 15,374 10,666 5 48 47,801 0.88% 
 4 13,821 88,685 28,325 9,531 5,250,777 459 5,391,599 99.03% 
 Total 28,807 96,452 45,124 22,860 5,250,782 507 5,444,531 100% 
 AMABA01280 HAYDEN'S SHREW Sorex haydeni Percent Status 1 and 2: 0.16% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 304 1,753 0 0 2,057 0.13% 
 2 0 46 337 0 0 0 383 0.02% 
 3 1,098 3,894 3,255 2,930 1 5 11,185 0.73% 
 4 253 19,846 8,841 49 1,497,045 159 1,526,193 99.12% 
 Total 1,351 23,786 12,737 4,732 1,497,047 165 1,539,818 100% 
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 AMAFB05120 FRANKLIN'S GROUND SQUIRREL Spermophilus franklinii Percent Status 1 and 2: 0.05% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 456 2,199 0 0 2,656 0.03% 
 2 404 335 1,030 0 0 0 1,768 0.02% 
 3 5,441 8,273 12,625 12,820 3 47 39,209 0.43% 
 4 8,773 75,545 25,152 9,518 8,907,011 340 9,026,338 99.52% 
 Total 14,617 84,153 39,263 24,537 8,907,014 387 9,069,971 100% 
 AMAJF05010 SPOTTED SKUNK Spilogale putorius Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,746 0 0 2,065 0.05% 
 2 392 299 787 0 0 0 1,479 0.03% 
 3 3,784 4,360 10,626 8,726 2 39 27,536 0.64% 
 4 7,953 67,211 21,482 6,997 4,166,436 325 4,270,403 99.28% 
 Total 12,129 71,870 33,213 17,468 4,166,438 363 4,301,482 100% 
 AMAFB05090 THIRTEEN-LINED GROUND SQUIRREL Spermophilus tridecemlineatus Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 415 2,333 0 0 2,748 0.02% 
 2 115 350 1,044 0 0 0 1,509 0.01% 
 3 5,740 10,843 9,340 14,523 3 29 40,478 0.31% 
 4 6,860 47,971 17,934 9,889 12,881,689 256 12,964,599 99.66% 
 Total 12,715 59,164 28,734 26,744 12,881,692 284 13,009,334 100% 
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 AMAFF17010 SOUTHERN BOG LEMMING Synaptomys cooperi Percent Status 1 and 2: 0.09% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 172 496 0 0 668 0.04% 
 2 76 100 504 0 0 0 680 0.04% 
 3 17,107 4,042 4,889 6,223 2 19 32,281 2.07% 
 4 30,659 61,972 12,048 4,754 1,413,835 286 1,523,554 97.84% 
 Total 47,841 66,114 17,614 11,473 1,413,836 306 1,557,184 100% 
 AMAEB01040 EASTERN COTTONTAIL Sylvilagus floridanus Percent Status 1 and 2: 0.10% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 272 1,545 0 0 1,817 0.06% 
 2 382 252 522 0 0 0 1,156 0.04% 
 3 2,409 2,845 8,895 4,900 2 29 19,081 0.63% 
 4 6,509 57,492 18,977 4,138 2,908,258 318 2,995,692 99.27% 
 Total 9,300 60,589 28,667 10,583 2,908,260 347 3,017,747 100% 
 AMAFB08010 RED SQUIRREL Tamiasciurus hudsonicus Percent Status 1 and 2: 0.13% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 7 106 0 0 113 0.07% 
 2 0 9 82 0 0 0 91 0.06% 
 3 4,506 521 2,923 262 0 0 8,212 5.39% 
 4 441 6,581 1,769 18 135,238 1 144,047 94.48% 
 Total 4,947 7,111 4,780 386 135,238 1 152,462 100% 
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 AMAFB02230 EASTERN CHIPMUNK Tamias striatus Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 508 1,473 0 0 1,982 0.01% 
 2 678 398 1,129 0 0 0 2,205 0.02% 
 3 5,947 11,853 13,561 14,700 3 39 46,101 0.34% 
 4 9,192 85,112 26,867 11,197 13,197,394 369 13,330,131 99.62% 
 Total 15,816 97,363 42,065 27,370 13,197,398 407 13,380,418 100% 
 AMAJF04010 BADGER Taxidea taxus Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 318 1,746 0 0 2,065 0.05% 
 2 392 299 787 0 0 0 1,479 0.03% 
 3 3,784 4,360 10,626 8,726 2 39 27,536 0.64% 
 4 7,953 67,211 21,482 6,997 4,166,436 325 4,270,403 99.28% 
 Total 12,129 71,870 33,213 17,468 4,166,438 363 4,301,482 100% 
 AMAJA04010 GRAY FOX Urocyon cinereoargenteus Percent Status 1 and 2: 0.15% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 140 843 0 0 984 0.08% 
 2 603 63 314 0 0 0 980 0.08% 
 3 1,338 1,755 6,669 2,244 1 21 12,027 0.94% 
 4 4,483 48,376 12,286 2,448 1,201,908 166 1,269,668 98.91% 
 Total 6,424 50,194 19,409 5,535 1,201,909 187 1,283,658 100% 
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 AMAJA03010 RED FOX Vulpes vulpes Percent Status 1 and 2: 0.03% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 440 2,358 0 0 2,798 0.02% 
 2 116 351 1,192 0 0 0 1,659 0.01% 
 3 6,866 11,564 10,198 16,060 3 35 44,726 0.34% 
 4 7,533 52,100 18,763 11,096 12,962,760 274 13,052,526 99.62% 
 Total 14,515 64,014 30,593 29,514 12,962,763 309 13,101,708 100% 
 AMAFH01010 MEADOW JUMPING MOUSE Zapus hudsonius Percent Status 1 and 2: 0.08% 
 Status Federal State County Private Protected Private Non-Protected Other Total (ha) Percent 
 1 0 0 466 2,151 0 0 2,617 0.04% 
 2 538 356 1,276 0 0 0 2,169 0.03% 
 3 20,559 9,484 15,108 14,668 3 53 59,875 0.96% 
 4 37,331 124,826 29,408 12,011 5,969,317 495 6,173,388 98.96% 
 Total 58,428 134,665 46,257 28,830 5,969,320 549 6,238,049 100% 
 Grand Total 1,149,483 3,092,444 1,273,246 743,782 207,099,533 14,515 213,373,004 
 18 
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Chapter 1 
 
Overview of EPA Region 7 GAP Accuracy Assessment Pilot Study and  
Recommendations for Future Studies 
 
 
 
1.1 Introduction 
Recent studies have shown that many geographic areas worthy of wildlife habitat 
conservation are not being preserved (Prendergast et al. 1999).  The national Gap Analysis 
Program (GAP) was developed by the U.S. Geological Survey (USGS) Biological Resources 
Division as to help solve this problem.  GAP is a cooperative program under which partial 
funding is provided to states for identifying the current distribution and management status of 
land cover types and wildlife habitats (Crist and Deitner 2000).  States are creating digital maps 
of land cover and species distributions for identifying mismatches between species habitat 
requirements and the land management status of the habitat.  Most of the land cover maps are 
being created from a combination of satellite imagery, classification tools to process the imagery, 
and/or auxiliary information to augment the information generated by the imagery.  While land 
cover maps will provide a valuable resource for identifying lands in need of conservation, it is 
also important to assess their accuracy.   
In this report, we discuss a pilot study designed to explore accuracy assessment methods 
for GAP land cover maps in EPA Region 7 States (Iowa, Nebraska, Kansas, and Missouri), with 
the aim of providing an integrated assessment for the entire region and for individual states.  This 
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chapter begins with a brief summary of methodology options considered in designing the study.  
The methodological approach used in three pilot studies is described, and general 
recommendations revealed in these studies are outlined.  Specific methods and results for Iowa, 
Nebraska, and Kansas pilot studies are provided in subsequent chapters.   
It should be noted that this effort was not fully funded as originally planned or within a 
schedule that permitted advance field planning.  Thus, these studies are fairly small, and in some 
cases, it is difficult to make quantitative statements from individual studies.  Nonetheless, much 
was gained from the experience, as described in this report. 
 
1.2 Methodological Review 
1.2.1 Overview 
Quantifying the accuracy of a GAP land cover map involves comparing the thematic 
content of the digital map with corresponding thematic reference data (i.e., some form of “truth”) 
obtained from the state (or other target area).  Typically, assessment locations are selected from 
the target area and reference data are gathered, for example, via field visits or photo-
interpretation (Congalton and Green 1993).  Methods of selecting assessment locations range 
from purposive sampling, in which areas are intentionally selected for observation without 
applying a randomization mechanism, to selecting statistical samples from the entire target area 
or from some portion of the target area (e.g., roadsides).  A variety of sampling units may be 
used in selecting a sample, including land areas or points on the land.  To analyze assessment 
data, a number of accuracy measures are available to compare the reference data and land cover 
maps  (Stehman and Czaplewski 1998).  The choice of accuracy assessment methodologies is 
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influenced by scientific, statistical and operational concerns.  In this section, we outline some of 
these considerations. 
 
1.2.2 Sampling Units 
In designing the study, we began by reviewing various options for sampling units.  Two 
types of sampling units considered for assessment of land cover maps in EPA Region 7 states 
were polygons and pixels.  Polygons may take the form of regularly shaped sampling units 
defined without regard to land cover category (e.g., a rectangle defined by the cell of a grid 
covering the target area).  More commonly in accuracy assessment studies, a polygon 
corresponds to an area of uniform thematic composition (i.e., one land cover category) on the 
map being assessed.  Although defining the sampling unit as a homogeneous land-cover polygon 
on a map may be intuitively appealing, working with the land cover polygon in the reference 
domain (e.g., the field, a high quality photograph) may be quite difficult in practice.  For 
example, the ground assessor or photo-interpreter may find it difficult to identify the border of a 
sample polygon due to its irregular shape and size.  In addition, accurately recording the 
composition of the polygon can be challenging when the reference material reveals that the 
sample polygon is, in fact, not homogenous at all.  
An alternative sampling unit is a pixel on the land cover map, a square region 
representing the smallest identifiable unit on the map.  By definition, a pixel corresponds to the 
smallest unit of spectral data on the satellite image, and thus a pixel corresponds to exactly one 
land cover category on the map.  A pixel from the images used in this study represents an area on 
the ground of 30 m  30 m.  If multiple land cover categories exist within the pixel boundaries 
for the reference source, difficulties may still be encountered (Crist and Deitner 2000, Wang and 
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Howarth 1993, Congalton and Green 1993), and pre-defined rules are needed to determine the 
land cover category for the pixel. 
 
1.2.3 Sample Designs 
Many accuracy assessment studies use sampling procedures that induce selection bias 
(Congalton 1988).  This occurs with purposive sampling, for example, where the sample units 
are selected without a formal probability design.  Data collected via purposive sampling 
generally provide biased accuracy assessment estimates and standard errors.  With statistical 
sample designs, bias can be generated by omitting part of the target area from the sampling 
frame.  For example, sampling methods that are restricted to selecting units along roadsides will 
fail to provide information on interior terrain, which is likely to differ from roadside habitats.  
The problem with such designs is that accuracy estimates based on a biased sampling plan apply 
only to the portion of the population that was sampled.   
A properly designed and implemented probability sampling design is an important 
element in developing a foundation for unbiased assessments of map accuracy.  A variety of 
methods may be used to randomly select the accuracy assessment sample, including simple 
random sampling, systematic sampling, unequal probability sampling, stratified random 
sampling, and cluster sampling (Lohr 1999).  Under simple random sampling, each unit has an 
equal chance of being selected. The sample is selected without restrictions placed on the 
randomization process.  Simple random sampling has been shown to perform adequately for 
maps of many terrains, but because of the lack of control in the selection process, the sample size 
for individual land cover categories may be too small to support useful inferences (Stehman and 
Czaplewski 1999, Congalton 1998).  Systematic sampling involves selecting a random start and 
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then using a fixed interval to select sample units.  It generally provides better geographic spread 
than a simple random sample, but does not ensure adequate sample sizes for subpopulations 
(Stehman and Czaplewski 1999, Congalton 1991, Stehman and Czaplewski 1998).  A third 
sampling procedure is selection with probability proportional to a size or importance measure, 
called pps sampling.  Unlike systematic and simple random sampling, sampling units are 
assigned selection probabilities that are proportional to an importance factor (e.g., size of 
sampling unit) that results in more “important” units having a higher selection probability.  
Although pps sampling can be advantageous in targeting the sample composition, it does not 
guarantee adequate sample sizes for subpopulations. 
Stratified random sampling is often used to allocate the sample across subpopulations in a 
more controlled fashion. The target population (in our case, target area) is divided into mutually 
exclusive strata, corresponding to subpopulations (e.g., land cover categories), geographic 
regions, or other partitions that divide the population into mutually exclusive categories.  
Independent samples are selected from each stratum using a probability sampling procedure 
(e.g., simple random, systematic, pps sampling).  It is not necessary to use the same design for 
each stratum, which provides flexibility in addressing special operational constraints or subject 
matter objectives.  It is tempting to use map land cover categories as strata for accuracy 
assessment studies.  One disadvantage of this stratification strategy, however, is that the map 
must first be classified before the sample can be drawn.  This forces data collection to begin well 
after the map is drawn, introducing a time difference in reference and map data as a potential 
source of error.   
Another sampling strategy is cluster sampling.  In cluster sampling, the sample unit is the 
cluster, where a cluster is defined to be a collection of population units.  For example, a cluster 
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may be defined as a set of geographically proximal units such as a group of adjacent pixels or a 
set of evenly spaced pixels along a transect.  This design is often used to improve operational 
efficiencies, for example, to reduce travel costs by selecting a cluster of adjacent pixels.  Cluster 
sampling can be used in concert with stratification, and individual clusters may be selected via 
simple random sampling, systematic sampling, or pps sampling.  The disadvantage is that 
frequently the data for adjacent population units are correlated.  When cluster element values are 
correlated, a parameter estimate can have a higher variance than an estimate generated from a 
simple random sample with the same number of population units. 
Stratification, cluster sampling, and basic techniques such as simple random, systematic 
and pps sampling can be combined to develop sampling designs that incorporate subject matter 
objectives, statistical considerations, and operational constraints.  When unequal probability 
designs are used, sampling weights must be calculated and included in the analyses to account 
for varying selection probabilities for sampling units (Stehman 1999, Congalton 1988).  The 
sampling weight of a unit reflects how many elements in the population are represented by that 
single unit.  The simplest form of a sampling weight is an inverse selection probability.  The 
higher the weight (e.g., in hectares) assigned to a sampling unit, the more elements (e.g., surface 
area) within the population it represents. Weights can also be used to account for nonresponse 
that occurs when access to land is denied (Lohr 1999).  In calculating weights, ratio adjustments 
can be implemented so that weights accurately reflect the surface area of the state, individual 
map land cover categories, and/or other geographic subdivisions.  
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1.2.4 Assessment 
The response methodology describes how the reference data are collected and recorded.  
In accuracy assessment studies, this typically involves applying a classification scheme to the 
reference source material.  The reference classification scheme should be mutually exclusive and 
exhaustive, and include a direct correspondence with the map land cover classification scheme.  
It has been recommended that the reference data be classified on a hierarchical scheme that 
provides more detail than is discernable from the map land cover data (Crist and Deitner 2000, 
Stehman and Czaplewski 1998).  When a hierarchical classification is used, reference land cover 
classes can be collapsed into broader land cover categories which correspond to categories on the 
map being assessed.   
Another consideration in the response methodology is the source of the reference data.  
Reference data are often collected using aerial photography.  The use of such photography may 
lead to questionable results, however, since the interpretation and accuracy of these photos vary  
(Congalton 1996).  Ground visits are thus preferred to aerial photography when they are 
financially and practically feasible (Congalton 1996).  There are problems with ground visits as 
well, however.  For example, to obtain target sample sizes, the initial sample size needs to be 
inflated to account for nonresponding units (e.g., inaccessible or permission denied).  This is a 
strategy used in sampling human populations when the goal of obtaining access to all sampling 
units selected is unrealistic.  The assessor must also correctly locate the selected points in order 
for the design to have the desired result.  If units are mislocated, then strategies used to obtain 
adequate sample sizes for subpopulations are thwarted.  Such issues can drastically influence 
both the initial sample size and the sampling scheme used in the study (Crist and Deitner 2000). 
Finally, the choice of response methodology can be affected by the terrain of the land and the 
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map being assessed.  For example, in areas that are inaccessible, photograph-based assessments 
may be the only way to gauge the accuracy of the land cover map. 
 A common method for summarizing accuracy assessment data is a contingency table 
called an error matrix (Crist and Deitner 2000).  An error matrix is a square array of numbers 
that presents summary information on units classified as map land cover category s and reference 
land cover category t.  Cell values may be the number (or percentage) or the estimated land area 
(or percentage) of sample units corresponding to the map and reference land cover.  One 
summary statistic calculated from the error matrix is the overall accuracy of the map, which 
estimates the proportion of area within the region that is correctly classified on the map 
according to the reference data.  Two other measures of accuracy include the producer’s 
accuracy and the user’s accuracy.  The producer’s accuracy is an estimate of the percentage of 
field area associated with a land cover category that is accurately depicted on the map.  This 
statistic is labeled "producer’s accuracy" since it measures how accurately the "producer" 
mapped the field land cover category.  Conversely, the user’s accuracy estimates the percentage 
of map area associated with a land cover category that accurately depicts the field land cover 
category.  This statistic is labeled "user’s accuracy" since the "user" is concerned with the chance 
that any given point on the map correctly depicts what is actually in the field.  If unequal 
probability designs are used and/or differential nonresponse occurs across strata, weighted 
estimates of these accuracy measures should be calculated to account for the sampling design 
and nonresponse. 
 The interpretation of error matrix summaries is a function of the materials and processes 
used to perform the accuracy assessment.  For example, it is possible that the date of the 
reference data differs significantly from the date of the satellite image or auxiliary information 
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used to make the map.  The error matrix thus may report an accurate classification for the year of 
the satellite imagery as a mismatch because the land cover has changed in the time between the 
imagery date and the collection date for the reference data.  It is also possible that those 
collecting the reference data inaccurately located some of the sampling units that they intended 
to assess (Crist and Deitner 2000).  Another potential source of measurement error is the data 
collection process itself, for example, if a ground assessor incorrectly classifies or records the 
data, or the data are incorrectly entered.  
 
1.3 Objectives 
 A pilot study was initiated for EPA Region 7 to develop protocols for an integrated 
regional accuracy assessment that is statistically sound, operationally feasible, and meets GAP’s  
accuracy assessment objectives. The specific goals of the pilot study were to: 
1. develop and test protocols for gaining permission to private land and for locating 
sample pixels,  
2. develop and test land cover data collection protocols (especially the observational 
unit and the data to be collected),  
3. develop and test the sample design and statistical analysis approaches, and  
4. obtain an estimate of operational resources required to do a full accuracy 
assessment.   
It was hoped that the results from this study would be used to develop a final protocol for a full 
accuracy assessment of the GAP maps for Region 7.  However, this objective remains unfunded.  
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1.4 General Approach to Sample Design and Field Assessment 
1.4.1 Sample Design 
  In the late spring and early summer of 1999, each of three EPA Region 7 states (Iowa, 
Kansas, Nebraska) selected an area for pilot testing.  It was suggested that the selected pilot areas 
cover a range of source materials, classified land covers, and operational conditions to support as 
robust a test as possible.  In practice, operational considerations associated with lack of 
resources, incomplete materials, and a late start date for field work influenced most state’s 
choices for the pilot study area.   
 For Iowa, the study population was defined to be four counties in northeast Iowa 
(Allamakee, Clayton, Fayette, Winneshiek).  The northeast area of the state is covered by one 
scene and was the only area near completion at the time.  The land cover map had not been 
reduced to reflect the 2-ha minimum map unit requirement for GAP maps.  In Kansas, an area 
near Lawrence was selected as the target population so that field travel would be minimized.  
Nebraska selected a study site in northern Nebraska (Niobrara Valley region). 
   Each participating state was asked to provide a specific definition of the target pilot study 
area using well-defined geographic descriptions (e.g., using a list of counties, a list of scenes, 
etc.).  To facilitate sampling decisions, a map was provided by each state with overlays of the 
boundary of the target pilot study area, county lines, and 7.5 minute quad sheet boundaries.  In 
addition, a copy of the land cover map that was the object of assessment was also made 
available. 
 A two-stage cluster sample design was used to select a sample within each state.  In the 
first stage of sampling, the primary sampling unit (PSU) was a U.S. Geological Survey (USGS) 
7.5-quadrangle (quad), or combinations of quads if partial quads were included in the study area.  
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The PSU can be viewed as a cluster of pixels.  PSUs were stratified to ensure geographic spread 
throughout the study area, and selected systematically within strata.  States provided the area of 
each land cover class within each PSU.  This file was used to check the land cover composition 
of the sample PSUs to see if it was consistent with the composition of the entire target area. 
 For the second stage of sampling, states provided a list of pixels for each of the selected 
PSUs.  Each pixel was uniquely identified so that the location of the selected pixel could be 
determined after the sample was selected.  The corresponding map land cover category for each 
pixel was also included.  The target pixel sample size for a state was determined based on 
resources (e.g., money, staff, time) by each state.  The target sample size was inflated based on 
anticipated nonresponse rates (e.g., due to inaccessibility or denied permission) provided by the 
states.  The pixels were stratified by land cover category. 
 Allocation rules were developed that generated larger sample sizes in land cover category 
strata covering relatively large areas.  For each state, the rule included a minimum sample size to 
ensure at least some pixels would fall in small land cover categories and a maximum sample size 
to prevent sample sizes from being too large in common land cover categories.  In some states, 
an additional adjustment was made to increase the sample for land cover classes that were more 
difficult to classify and to decrease the sample size for classes that were expected to be quite 
accurate. 
 For each stratum (land cover category), the pixel list was sorted by PSU and by latitude 
and longitude within the PSU.  A systematic sample of pixels was selected from each stratum 
using the sorted stratum pixel list. 
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1.4.2 Field Assessment 
 Field protocols were developed by each state.  These included methods for contacting 
land owners, finding sample pixels (e.g., GPS protocols), identifying the classification of the 
point on the land, designing data collection forms, and creating data sets for analysis that 
contained the map and field-determined land cover classification.  An April 1999 meeting of 
EPA Region 7 and state GAP personnel focused on protocol options and aspects of the methods 
that could affect statistical components of the data.  States were asked to create documentation 
for all protocols for supporting the subsequent analyses, including copies of data collection 
forms. 
 GPS receivers were identified as a primary method for navigating to the sample pixel.  
Further, it was noted that it would be important to use differential correction.  Because of 
concerns over the accuracy levels of commercial GPS units, it was recommended that map-based 
materials be used to assist in navigation.  These include maps with landmark features as 
represented by TIGER (e.g. roads, water bodies), topographic maps (or DRGs), and aerial 
photographs (or digital ortho photography).  Field staff were not to be given access to land cover 
class maps or any information on the map classification for a sample pixel. 
 Protocols were developed so that a field worker could classify the land cover class at the 
sample pixel.  Early discussions centered on creating methods that were specific enough that two 
independent data gatherers would arrive at the same classification for a high percentage of the 
pixels using the protocols.  One method suggested was to create a decision tree key with a clear 
link to the land cover classes used in the map.  States were cautioned to develop operational 
definitions, such as providing a reference area in which the classification applied (e.g., at least 
25% canopy within a 1 ha unit for a forest).  For sample pixels that could not be accessed or for 
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which permission was not granted, photo interpretation was suggested as a second tier strategy, 
although it was understood that the year and resolution of the photography could affect the utility 
of this strategy. 
 The reporting or observation unit is defined to be the unit on which data are collected, 
and may differ from the sample unit.  In the Region 7 pilot studies, the sample unit was a pixel.  
The reporting unit was defined to be a cluster of pixels surrounding the sample unit.  The pixel 
cluster is defined as a 3-pixel by 3-pixel grid of pixels centered at the sample (target) pixel.  
There was interest in a 5 x 5 pixel cluster since the surface area was similar to the minimum 
mapping unit (2 ha), but this was deemed impractical fairly early in the study. 
 Data forms were developed with the goal of obtaining a complete set of comparable data 
at each pixel cluster for all states.  In practice, each state created their own data form and data 
elements.  All forms included the sample pixel ID, the GPS reading at the site determined to be 
the sample pixel, and a separate field classification for the sample pixel in the center and for each 
of the eight pixels surrounding the sample pixel.  It was suggested that the body of the form 
include a set of questions or entry blanks that requires the data gatherer to proceed methodically 
through the key to arrive at a land cover class determination, and that if possible, the individual 
key decisions be captured.  This is a cognitive aid often used in sample surveys to ensure 
consistent application of protocols when multiple staff are working on a project.  It was also 
suggested that the data form be created to facilitate key entry, and that whenever possible 
numerically-coded choice lists be used to reduce post-processing tasks such as coding.  States 
were asked to record data for all pixels in the cluster to generate a complete data set.  States were 
also encouraged to develop an instruction manual for the field protocols as a reference for the 
field staff and for subsequent data analyses. 
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 After collecting field data, it was recommended that each data sheet be reviewed and 
coded prior to keyentry.  Once keyed, states were asked to examine the data for unusual patterns 
and errors.  An outline of the types of checks that might be performed was presented during the 
April 1999 meeting and is recorded in Table 1.1. 
 Data were provided to the Iowa State University Statistical Laboratory for analysis.  It 
was possible to explore Iowa’s data in some depth because of a reasonable sample size, high 
response rate, and accurate coordinate readings.  It should be noted that the sample size and 
extent of coverage were not adequate for making a full accuracy assessment. 
 Summary statistics were developed for Nebraska and Kansas data.  However, various 
factors presented problems for pursuing analyses for these states.  In Nebraska, there was a very 
low response rate and the sites visited were not located with a differentially corrected reading.  
Nebraska’s pixel locations were differentially corrected after field data collection and the 
corresponding map land cover class for the visited pixel cluster was included in the data set.  
However, the lack of differential correction in the field compromised control in sample 
allocation that was planned to occur via the sample design.  Kansas had a reasonable response 
rate, but lacked equipment that provided real-time differential correction.  Kansas data were not 
differentially corrected after the field data collection.  Thus, the map land cover data and the field 
land cover data for a sample site are not comparable.  Problems associated with differential 
correction are not likely to occur in future assessment studies because selective availability of the 
precision positioning signal has since been eliminated.  Commercial GPS units will now provide 
far more accurate readings than were available for pilot studies in Nebraska and Kansas. 
 Details on methods and results for the three states that conducted pilot studies are 
presented in Chapters 2, 3 and 4. 
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1.5 Observations and Recommendations  
 Despite problems incurred due to inadequate funding and a late start date, several 
observations and recommendations can be made in the areas of sample design and field 
protocols. 
 Early in the project design phase, we discussed alternative definitions for the first stage 
sampling unit, or PSU.  Historically, a quad sheet (or quarter quad) has been used as a sampling 
unit at this stage for other GAP accuracy assessment studies.  Quad sheets are sufficiently large 
to avoid overly clustered second stage samples that reduce the statistical efficiency of the design.  
At the same time, they are small enough to provide an operational advantage in reducing travel 
time and workload relative to a systematic or simple random sample.  A second alternative is to 
define the PSU as a county or a portion of a county.  Counties have an additional plus with 
respect to survey operations.  In Iowa, a sample quad could land at the intersection of two to four 
counties, necessitating a visit to multiple county offices for land owner information to assist in 
gaining permission to access land.  In areas where county records are important in identifying 
land ownership, defining a county (or a portion of a county) to be the primary sample unit (PSU) 
in the first stage of sample selection would guarantee that only one county government is visited 
per PSU.  In addition, counties are consistent with state boundaries, and thus would avoid the 
complications associated with combining partial quads at state boundaries, which was necessary 
for Iowa.  The notion of using a political or administrative unit (e.g., county) as a sample unit (or 
stratum) to facilitate operational considerations is a common approach in sample surveys. 
 The choice of a pixel as the second stage sampling unit was simple to work with in the 
sampling process.  The stratum identification provided the control needed to address sample size 
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requirements for strata.  In most cases, we used a simple square root allocation rule, with bounds 
for minimum and maximum sample sizes.  In Iowa’s case, it was possible to incorporate an 
adjustment for land cover classes that were of higher or lower interest.  Caution should be used 
in using these allocation rules.  It is easy to over-design a sample by having too many adjustment 
factors.  The effect is to generate highly variable sampling weights, which can lead to reduced 
precision for the estimated accuracy parameters. 
 Incorporating land cover category strata and a nonresponse adjustment for the sample 
(due to inaccessibility or denied access) ensured that adequate sample sizes were obtained when 
assumptions were consistent with the actual access rates.  It is possible to use more complicated 
nonresponse assumptions that vary in relation to differences in accessibility rates (e.g., physical 
barriers, denied permission), which may be useful in states with more challenging terrain.  
 When resources are limited, it may be difficult to assign adequate sample sizes to each 
land cover category.  This was a problem in this study, in part because it was designed as a small 
pilot study.  In Kansas, water was not assessed because it was believed to be reasonably accurate.  
In Iowa, land cover categories with a very small number of pixels relative to the other categories 
were omitted or combined with related categories.  In general, it is preferable to combine related 
land cover categories into one category for the purposes of the study, rather than omitting the 
land cover category. 
 The pixel defined the field observation unit, which was a 3 x 3 cluster of pixels with the 
sample pixel at the center.  Early in the project, there was interest in pursuing a 5 x 5 pixel 
cluster because its total size is similar to the 2 ha minimum mapping unit.  Because the 5 x 5 
pixel cluster significantly increased the difficulty of and time required for field assessment, the 
switch to a 3 x 3 cluster occurred fairly early in the field season.  In homogeneous areas, 
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observations on the eight pixels adjacent to the center pixel could often be assessed directly from 
the center pixel without walking to the neighboring eight pixels.  However, care should be 
exercised to avoid bias that could occur with remote observations. 
 The gain in precision of accuracy estimates and the increased ability to gather data for 
rarer land covers were deemed well worth the extra effort required to observe land cover for each 
of the pixels in the 3 x 3 pixel clusters.  Costs associated with obtaining permission from land 
owners and travel to sample sites for each center pixel are high relative to the per-pixel cost and 
information content for pixels adjacent to the center pixel.  In Iowa, this led to standard errors for 
estimates obtained from nine-pixel data that were generally one-third of those associated with 
single center pixel estimates. 
 The study emphasized the need to accurately locate the pixel.  Without precise 
positioning, field staff may visit a pixel with a map land cover category different from the 
category associated with the true location of the selected pixel.  This acts to destroy the control 
provided by stratification for land cover categories.  The recent removal of selective availability 
significantly improves the ability to use commercial GPS receivers to locate pixels to well under 
30 m.  Further, the relatively small size of the 30 m x 30 m pixel used in the Midwest reduces the 
potential for boundary-related measurement error. 
 Protocols for contacting land owners had a large impact on the response rates in the 
studies.  Iowa’s procedures were very successful.  Several attempts were made to contact land 
owners and different contact modes (e.g., telephone, mail) were used to improve response rates.  
In mail contacts, land owners were sent a letter on Iowa State University letterhead explaining 
the study and its significance to Iowa and the land owner.  A printed map of the area and a 
consent form for the owner to sign and return were also included with the letter.  Using the 
  
 21
university affiliation in the letterhead generally results in a cooperative attitude, whereas 
affiliating the project with the EPA or other federal agency often decreases cooperation rates.  
Prior to visiting a site, the land owner was called a day or two before the visit to remind him/her 
of the project and to seek permission if needed.  The protocols used in Iowa were typical of 
standard sample survey methodologies that maximize response rates with human populations.  
Effective contacting strategies typically require multiple contacts and multiple contact modes, 
and usually involve several weeks of effort to obtain high response rates.  In other states, 
insufficient effort was devoted to this phase due to resource constraints.  Not surprisingly, this 
resulted in low response rates for obtaining permission. 
 There was insufficient time to coordinate, pretest, document, or train field workers on the 
implementation of data collection protocols.  This likely contributed to some problems in the 
field that may be avoidable in the future.  For example, written definitions for field-identification 
of land cover categories were not developed, increasing the likelihood of inconsistent application 
of the land cover classification scheme across field observers.  The pixel was defined to be the 30 
m x 30 m area in the field surrounding the pixel location as expressed by the GPS reading, which 
meant that more than one land cover category could be included in this area.  In this situation, 
some data gatherers sketched diagrams instead of recording a single LCC code for a pixel on the 
data form.  This required coding after the fact by another person, increasing the potential for 
additional measurement error.  A specific protocol is needed to address field conditions where 
more than one land cover category is contained in the pixel area.  Examples of possible rules are 
to record the land cover with the most surface area, record the land cover at the center of the 
pixel, and so on.  The rule set must account for the variety of conditions that exist in the field 
(e.g., one land cover class, a dominant land cover class, two land cover classes with roughly 
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equal areas, more than two land cover classes with one dominant or with none dominant, etc.) in 
a manner that promotes unbiased observations. 
 Although few areas are physically inaccessible in the Midwest, there is still a need to 
develop ground-truthing methods for inaccessible or otherwise unobservable sample units.  For 
example, aerial photography may provide a surrogate material for unobservable units.  
Alternative ground-truthing methods should be approached with the same rigor as the primary 
observation protocols.  In addition, it would be wise to select a sample of pixels on which both 
the primary and surrogate protocols can be implemented.  The impact of alternative ground-
truthing methodology on the assessment could then be estimated and possibly adjusted for. 
 One problem faced in this and any other project involving state boundaries is the need to 
integrate land cover classification schemes across boundaries.  Although we made an initial 
attempt to develop the links between the states’ land cover classifications at a fairly coarse level, 
this component was not finalized.  The best time to develop the foundation interstate 
coordination is at the beginning of the mapping process.  This is a topic that should be 
considered prior to engaging in a national update initiative.   
 A major concern with the current pilot studies is the use of 1999 field data to assess the 
accuracy of a land cover map derived from 1992 imagery.  Temporal differences in land cover 
can become quite large in this time span, even in a relatively stable environment like the 
Midwest.  For example, land may be shifted from agricultural land to other uses (e.g., the 
Conservation Reserve Program, urban growth).  Assessments of the digital map reflecting 1992 
conditions generated from 1999 field observations are confounded by temporal effects.  The 
results reflect image/classification processing errors and temporal change, and it is not possible 
to separate these two effects. To assess a land cover map in relation to the actual period of time 
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represented by the map, the assessment should be implemented during the update process in a 
subsequent round of GAP mapping.  Presumably, such an activity could be planned in advance, 
making it possible to collect accuracy assessment reference data in the same calendar year as the 
year of the satellite imagery used as source materials.  The information on the map being updated 
would be used to design an efficient assessment sample. 
 
1.6 Conclusions 
 A sampling approach was developed to balance operational and statistical considerations.  
For these pilot studies, the stratified two-stage cluster sample worked well.  It proved sufficiently 
flexible that it could be easily adapted for each of the three states.  Minor adjustments in the 
definition of the PSU would reduce the effort required to locate land owners and simplify first 
stage sampling.  Further analysis is needed to explore sample sizes required to achieve desired 
precision levels. 
Protocol development was hampered by resource constraints.  Prior to engaging in a 
regional accuracy assessment study, additional work is needed to coordinate across state 
boundaries with respect to category definitions, locating procedures, observation protocols, and 
data forms. 
The novel approach of using a pixel cluster as an observation unit worked reasonably 
well in the field.  The effort required to obtain nine land cover category assessments at a sample 
site was minimal in relation to the extra information gained.  Further research is needed to 
explore statistical analyses that use the additional data to extend accuracy assessment measures.   
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Table 1.1. Guidelines provided to states for editing accuracy assessment field data. 
 
 
Editing Feature Examples 
Editing occurs at multiple points 
during the study, and at different 
aggregation levels 
For a single sample unit (during data collection and/or 
post-hoc) 
Among sample units (post-hoc) 
Estimates and analyses (post-hoc) 
Logical checks are useful for single 
values and sometimes for summary 
statistics 
Unlikely/suspicious patterns 
Illegal/impossible conditions 
Single, multiple variables 
Use subject matter knowledge to create checks 
Dynamic (keep adding checks as discover new 
problems) 
Summaries are useful for looking for 
problems in relationships 
Graphs, tables, analyses 
Look for absence/presence of conditions 
Tables good for complicated patterns (i.e. that can’t be 
easily formulated as a logical check) 
Investigate multiple sources to find 
an explanation when diagnosing 
problems  
Incorrect data value 
Error in program  
Scientific explanation  regarding observation 
Editing is iterative in nature Correcting one value exposes a problem in another 
value 
Discovering problems in data summaries can lead back 
to individual data values 
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Chapter 2 
Iowa GAP Accuracy Assessment Pilot Study 
 
 
2.1 Introduction 
 In the summer of 1999, a pilot study was initiated to assist in the development of sample 
design, field data collection, and analysis methodologies for accuracy assessment of GAP land 
cover maps created for the EPA Region 7 states.  The land cover maps were developed by 
integrating a computer-assisted analysis of 1992-94 Landsat Thematic Mapper (TM) data with 
field observations and National Wetlands Inventory data.  Iowa, Nebraska and Kansas 
participated in the pilot study project.  This report describes the sample design and analyses for 
the Iowa component of the study.   
 
2.2 Study Area 
 Four counties comprised the study area for the accuracy assessment pilot in Iowa: 
Allamakee, Clayton, Fayette and Winneshiek counties.  This region was selected because the 
land cover mapping process was nearly complete in this area. 
 
2.3 Sample Design 
 A stratified two-stage cluster sample design (Lohr 1999) was used to select sample pixels 
for field visits from the four-county study area.  The first stage involved selecting area segments 
roughly the size of a 7.5' quadrangle.  In the second stage, individual pixels were selected.   
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 The study area included 70 whole or partial USGS 7.5’ quadrangles (quads), as shown in 
Figure 2.1.  For the most part, the primary sampling unit (PSU) was defined to be a single quad.  
However, to ensure that all of the PSUs covered roughly the same amount of land area, some 
PSUs were defined by a combination of partial quads or a partial with a whole quad.  The 
following quads were combined to create single PSUs: 37, 81 and 125; 38 and 82; 39 and 83; 40 
and 84; 41 and 85; 42 and 86; 43, 44, 87 and 88; 132 and 133; 170 and 215; 177 and 178; 259 
and 304; 266 and 267; 311 and 312; 358 and 359.  The PSUs in the study region are presented 
in Figure 2.1. 
 First stage strata were created to ensure geographic spread of the PSUs and to ensure 
coverage of all land cover categories.  The study area was divided into five strata, each 
consisting of eight to 12 PSUs  (see Figure 2.1).  The borders of the strata were defined so that 
within-stratum variation in land cover was relatively low and among-strata variability in land 
cover was relatively high.  Two PSUs were randomly selected from each stratum, for a total of 
ten PSUs.  Systematic sampling was used to select PSUs from a list that reflected serpentine 
geographic ordering of the PSUs.   
 Individual pixels were selected from PSUs in a second stage of sampling.  Resource 
constraints dictated sample size.  Iowa staff had a goal of field visiting 200 points within the 
study area.  It was expected that access would be denied for approximately 20% of the sample 
points.  Thus, an initial sample of 236 points was selected. 
 The ten PSUs were sent to Iowa GAP staff, who created a list of pixels within each 
sampled PSU for the second stage of sampling.  Information available in the second stage 
sampling frame for pixels included the quad ID, a UTM coordinate pair to uniquely identify the 
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pixel, and the map vegetation class for the pixel.  The land cover map used to generate this data 
set was a draft layer dated January 1999. 
 In the second stage of sampling, 236 pixels were selected from the pixel sampling frame 
using a stratified design.  Strata were defined by collapsing the 29 vegetation classes defined for 
Iowa into nine relatively homogeneous land cover categories.  Land cover categories were 
defined as follows:  coniferous forest = pine forest, eastern red cedar forest, evergreen forest; 
deciduous forest = upland deciduous forest, temporarily flooded forested wetland, seasonally 
flooded forested wetland; mixed forest = mixed evergreen and deciduous forest; coniferous 
woodland = eastern red cedar woodland; deciduous woodland = upland deciduous woodland, 
temporarily flooded deciduous woodland, seasonally flooded deciduous woodland; mixed 
woodland = mixed evergreen and deciduous woodland; shrubland = upland shrub, temporarily 
flooded shrub, seasonally flooded shrub, semi-permanently flooded shrub, saturated shrub; grass 
= warm season grass/perennial forbs, temporarily flooded wetland, seasonally flooded wetland, 
semi-permanently flooded wetland, saturated wetland, permanently flooded wetland; grassland 
with sparse shrubs and trees; sparsely vegetated/barren = a single vegetation class that includes 
open bluff/cliff, talus slopes, mud, sand, soil; artificial = artificial with high vegetation, artificial 
with low vegetation; agriculture = cool season grass, cropland; open water = a single vegetation 
class.  The three woodland land cover categories were not present on the land cover map, but 
were observed in the field during the study.  Thus nine land cover strata were used to stratify the 
pixel frame. 
 The initial allocation of sample pixels of land category s was proportional to the square 
root of the total area of land cover category s in the study region, As, multiplied by an adjustment 
coefficient for the land cover category s, Ks.  Thus, the allocation rule used was 
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where  is the number of pixels in land cover category s in the sample.  The adjustment 
coefficient, Ks , reflects the priority of land cover category s relative to study objectives.  For a 
land cover category that was thought to be less accurately classified or that had a small land area, 
Ks = 2; for a land cover category that is relatively easy to classify or had a large area, Ks = 0.5; 
and for all other land cover categories, Ks = 1.  To create the final allocation across strata, a 
minimum and maximum sample size was determined (16 and 44 pixels, respectively).  Thus, the 
initial sample allocation for each land cover category, , was further adjusted to obtain the final 
allocation {ns:  s = 1, 2, ..., 9} such that  
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The adjustment factors, initial sample size allocation, and final sample size allocation, ns , are 
presented in Table 2.1.    
 The full list of pixels for a given land cover category was sorted by PSU, latitude and 
longitude to encourage geographic spread of the sample pixels.  A random starting point was 
selected and the pixels were sampled systematically from the list within each land cover category 
stratum. Figure 2.2 and Table 2.2 present the distribution of the sample pixels in relation to the 
PSUs.  Each selected pixel identifies a point on the land that was to be field-visited if possible.   
 Because the time required to collect field data was not well known, the sample was 
divided into three replicate subsamples.  A replicate is a balanced subsample of the full sample, 
used to manage the sampling process when response rates and/or resource availability are 
  
 29
unknown.  Full replicates should be completed as part of the protocol.  Replicate Sample 1 
corresponded to half of the full sample, while Replicate Sample 2 and Replicate Sample 3 each 
contained 25% of the full sample.  A systematic procedure was used to divide the sample into 
replicates so that the replicates were balanced across land cover categories and dispersed 
geographically.  Field observers were instructed to complete samples from Replicate 1 prior to 
starting on Replicate 2, and were given similar instructions for Replicate 3.  In practice, these 
guidelines were implemented within county boundaries.  
 
2.4 Field Assessment 
2.4.1 Determination of Land Ownership 
 The 236 sample pixels and their ID numbers from Allamakee, Clayton, Fayette, and 
Winneshiek counties were plotted as points on a topographic map using ArcView, and printed on 
a color printer.  A spreadsheet was prepared with the following data columns: Pixel ID, Pixel 
Location (X-UTM, Y-UTM), Township name, Township, Range, and Section.  Maps and 
spreadsheet information were taken to offices of the County Auditor or Assessor in each county.  
County offices that assess property taxes are known to have the most recent information on land 
ownership because land sales must be recorded with these offices soon after the sale is final.  
Topographic maps and Township, Range and Section data were used to look up property owners 
on large scale plat maps in the county office.  County plat books (Farm and Home Plat and 
Directory.  1999.  Farm and Home Publishers, Ltd, Box 305, Belmond, Iowa 50421) were 
available for purchase ($15) in each county office.  Plat directories and local phone directories 
were used to determine addresses and phone numbers for each landowner.  Less than 10 of 236 
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addresses and ownerships were incorrect or had changed between the time of determination and 
the start of field work. 
 Of the 236 sample pixels, 198 were located on private property and 38 were on state or 
federal lands or were within city limits of towns.  Letters were prepared using Iowa State 
University letterhead and mailed to each of the 198 private land owners along with a color land 
cover map (8.5 x 11 in) of their county as a gift.  Two copies of the letter were enclosed in the 
mailing.  Landowners were requested to sign and return one copy in a postage paid envelope; the 
other copy was to be kept for their files. 
 
2.4.2 Response Rates and Obtaining Permission from Private Land Owners 
 A total of 90 letters (45.4%) were returned, and 87 of these granted permission to enter 
their property.  Most of the responses were received in the first two weeks after mailing.  Field 
assessments began about two months after the letters were mailed.  The day or evening prior to 
visiting a site, a follow-up phone call was made to the landowner regardless of whether a letter 
had been received or not.  Phone calls resulted in an additional 58 landowners who granted 
permission to visit their land and 8 who denied access.  Due to insufficient time and resources, 
no follow-up calls were made to 42 landowners, and these sites were not visited or were assessed 
from nearby roads.  These sample sites corresponded to Replicate Samples 2 and 3 in Fayette 
County, and Replicate Sample 3 in Clayton County. 
 
2.4.3 Field Assessments 
 Selected target pixels were located in the field on foot by orienteering to the general 
vicinity of a point using the prepared topographic maps and then navigating to the exact 
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coordinates of a point using a hand-held geographical positioning system (GPS) receiver with 
automatic differential correction capabilities (PLGR).  The GPS displayed a confidence interval 
in meters from the desired coordinates.  Land cover was assessed for the target pixel (30 x 30 m) 
and the eight adjoining pixels.  Data were hand entered in the field on printed data sheets.  A list 
of codes for each of the 29 mapped vegetation classes was carried into the field for this purpose.  
Land cover codes were entered into each of the blocks corresponding to the nine center pixels in 
a grid of 25 blocks on the data sheet.  At first, an attempt was made to assess the entire grid of 25 
pixels but this proved to be too time consuming.  In forested areas it was usually necessary to 
navigate and walk to each pixel in order to make an accurate assessment.  Nine pixels could be 
reached in a reasonable amount of time (less than 30 minutes), whereas 25 pixels required an 
average of one-hour or more in rough terrain. 
 The confidence interval denoting GPS accuracy for points located in open areas was 
generally less than 5 meters.  The interval was usually larger in forested areas with closed 
canopies.  Locations were especially difficult to navigate to in pine groves or other coniferous 
trees.  All confidence intervals were recorded on the data sheet and used to assign a range of 
confidence intervals for analysis. 
 A total of 18 points were located on the floodplain of the Mississippi River and had to be 
accessed using a boat.  This was accomplished through the cooperation of the Manager of the 
Upper Mississippi River Fish and Wildlife Refuge, in MacGregor, Iowa.  A large airboat was 
provided, and Asst. Manager Clyde Male, who had excellent knowledge of the river, operated 
the boat and assisted in finding all 18 points on the river.  All 18 points were visited during one 
8-hour working day, which included transporting the boat overland about 30 miles between 
Allamakee and Clayton Counties. 
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2.4.4 Aerial Photography as an Aid to Assessing Land Cover 
 We attempted to use aerial photographs to assess land cover prior to field visits.  The 
photos were obtained by visiting county USDA-FSA offices and viewing color 35 mm slides of 
land sections.  These photos are taken each year and we viewed slides obtained in 1992, the same 
year of the satellite imagery that was used to classify land cover.  Photos were useful in 
determining the general land/cover of the area around the pixel but did not provide enough 
resolution to use for assessment of land cover.  Also, the exact location of the pixel could not be 
identified with sufficient precision. 
 
2.5 Estimation 
2.5.1 Data 
 Field and map land cover data were used to estimate accuracy rates.  The field land cover 
data for each pixel in each cluster were used to create a classification variable that identified the 
land cover category associated with the field observation for the pixel.  The map land cover for 
the pixel was obtained from the data used to create the sampling frame.  Two sets of analyses 
were performed.  For one set, all nine pixels on each of the 153 clusters (nine-pixel data) were 
used to estimate accuracy parameters.  For comparison purposes, only center pixels (center-pixel 
data) were used in a second set of analyses. 
 Field and map land cover data were used to estimate standard accuracy assessment rates, 
including the overall accuracy rate and the producer’s and user’s rates for each of 12 land cover 
categories.  The 12 categories correspond to the nine strata plus three additional woodland 
categories identified in the field, but not present on the map.  Two sets of analyses were 
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performed to consider trade-offs in data collection effort and precision, one using all nine pixels 
from each of the 153 clusters (nine-pixel data) and a second based only on center pixels (center-
pixel data). 
 
2.5.2 Weighting 
 Because an unequal probability sample design was used and nonresponse occurred for 
some sample pixels, sample weights were calculated to use in estimating accuracy measures.  
Two sets of weights were calculated, one for use with center pixel data only, and the other for 
use with the full nine-pixel cluster data.  Center pixel weights were calculated so that results 
from a single-pixel and a nine-pixel reporting units could be compared. 
 Weights for the center pixel of each cluster were calculated as follows.  The initial weight 
for center pixel j, belonging to first-stage stratum k, and classified as having map land category s 
was defined to be 
  ,
])()[(
)(
1
1-
*
s
skkjsk
j
sksk
kj AMNsGmn
MNmn
w
k


  
where As is the area (in hectares) of map land category s for the entire study region, Nk is the total 
number of PSUs in the first-stage stratum k,  nk is the number of PSUs selected in the sample for 
stratum k, Ms is the total number of pixels of map land category s in the first-stage sample, ms is 
the number of pixels of map land category s in the second-stage sample, and 




otherwise,0
category cover  land map has   stratumin  cluster in  pixelcenter   theif,1
)(
skj
sGkj  . (1) 
The weight includes a ratio adjustment so that 
   . (2) skjkj
k j
AwsG 
*)(
  
 34
The center pixel weights, , were rounded using a cumulate and round procedure.  This 
procedure retains the property (2) that the sum of all pixel weights of land category s is equal to 
As, the corresponding total area on the map of that land category in the study region.  The 
rounded weights are denoted wkj . 
*
kjw
 To calculate weights for each pixel within a cluster, the following formula was used.  For 
pixel h with map land category s associated with center pixel j in first-stage stratum k, 
  ,
])()9[(
)9(
1
1-
*
s
skkjhsk
j h
sksk
kjh AMNsGmn
MNmnw
k


  
where As is the area (in hectares) of map land category s for the entire study region, Nk is the total 
number of PSUs in the first-stage stratum k,  nk is the number of PSUs selected in the sample for 
stratum k, Ms is the total number of pixels of map land category s in the first-stage sample, ms is 
the number of pixels of map land category s in the second-stage sample, and 
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2.5.3 Accuracy Rate Estimators 
 To compare field-observed and map-determined land cover categories, standard accuracy 
measures were used.  These included the overall accuracy rate and producer's and user's accuracy 
rates for each of twelve land cover categories (Congalton 1991).  The twelve categories 
correspond to the nine strata plus three additional categories identified in the field but not present 
on the land cover map.  Accuracy rates were calculated using the nine-pixel cluster data and 
using only the center pixels.   
 A ratio estimator using the data from all pixels in the clusters was constructed for each of 
the accuracy rates.  Note that there are n = 153 pixel clusters (indexed by j) with m = 9 pixels 
each (indexed by h), which were selected from nine strata (indexed by k).  There are 12 possible 
land cover categories for the map (indexed by s) and the field (indexed by t) data.  The estimator 
for the overall accuracy rate, OA, is  
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Estimates of user’s and producer’s accuracy were generated for each of the 12 possible land 
cover categories.  The estimator for the producer’s accuracy rate for field land cover category t, 
PA(t), is 
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The estimator for the user’s accuracy rate for GAP map land cover category s, UA(s) is defined 
by  
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 Estimators used to calculate accuracy rates using center pixel data only are as follows.  
The estimator for the overall accuracy rate, OA, is  
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The estimator for the producer’s accuracy rate for field land cover category t, PA(t), is 
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The estimator for the user’s accuracy rate for map land cover category s, UA(s) is defined by  
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where G  is defined in equation (1). )(skj
 
2.5.4 Variance Estimation 
 Variance estimates for the accuracy measures were obtained using PROC 
SURVEYMEANS in SAS.  For the full nine-pixel cluster data, the variance estimation 
procedures assume that the sample design was a stratified random sample of clusters, where 
strata were defined as the map land cover category and clusters are defined to be 9-pixel units 
and assumed to be selected within strata using simple random sampling.  For the single center 
pixel data, no clustering was assumed (i.e., cluster size is one pixel).  Domain estimation was 
used to estimate the for variance producer’s and user’s estimates.   
 
2.6 Results 
 The overall accuracy was estimated to be 69.5% (s.e. = 2.0) using the nine-pixel cluster 
data.  However, the estimated accuracy rates using nine pixel data varied greatly across land 
cover categories (Table 2.3).  For example, the producer’s accuracy is quite high for artificial and 
cropland categories.  The producer’s accuracy is poor for coniferous forest and especially for 
shrubland and sparse vegetation, all of which have relatively small map surface areas.  Three 
woodland land cover categories (coniferous, deciduous, mixed) were found in the field, but were 
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not present on the map.  A similar level of variation was observed in estimates of user’s 
accuracy, with water having a high accuracy rate, and smaller land cover classes having 
relatively poor accuracy.  
 Information on land cover classifications for the map in relation to field determination is 
presented in Tables 2.5 (unweighted counts) and 2.7 (estimated area) using data for all nine 
pixels in the cluster.  These tables provide additional detail on mismatches contributing to the 
estimated accuracy rates.  For example, pixels classified as woodland were generally 
misclassified as having a forest map land cover category.  Deciduous woodland was mostly 
misclassified as deciduous forest on the map.  The pixels classified in the field as shrubland and 
sparse vegetation were often classified as herbaceous on the map.  In general, the map and field 
land cover categories for pixels that have inconsistent classifications appear to be closely related. 
 Analyses using data from center pixels produced estimates similar to those obtained with 
nine-pixel data, but generally larger standard errors.  The estimated overall accuracy was 64.0% 
(s.e. = 6.3), which is not statistically different from the nine-pixel estimate.  The estimated 
standard error is three times that of the nine-pixel estimate.  Comparing results calculated from 
the center pixel data (Table 2.4) with the results from the nine-pixel cluster data (Table 2.3), 
many accuracy rate estimates were similar.  The largest differences were found with smaller land 
cover categories, where a reduction in sample size would have a relative large impact.  For 
coniferous forest, the center pixel estimate for user’s accuracy was 20% higher than 
corresponding nine-pixel cluster estimate; similarly, the open water center pixel estimate for 
user’s accuracy was 10% lower.  In the case of producer’s accuracy, the center pixel estimate for 
mixed forest was 0% because map and field-determined mixed forest pixels were never in 
agreement at a center pixel; however, field and map matches for mixed forest were observed in 
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the nine-pixel data.  When considering the area matrix in Table 2.6, the overall magnitude of 
estimated hectares in the cells are comparable with those of Table 2.7.  However, using the full 
cluster data clearly provides additional information for rarer settings, as evidenced by the fact 
that a greater number of cells in Table 2.7 are nonzero.  Standard errors for most center pixel 
estimates ranged from 1.5 to 4.5 times higher than the nine-pixel standard errors, with most 
being about triple the magnitude of the nine-pixel estimates.  Standard errors for two producer’s 
accuracy estimates were very different from the nine-pixel estimates, with one over 10 times 
higher and one about half of the nine-pixel standard error.  Overall, these results indicate that 
substantial gains in precision were made by observing additional data.  
 
2.7 Summary 
This study used sample survey methodologies to construct statistically rigorous design, 
data collection, and analysis procedures.  Using a multi-stage sample design enabled us to 
conserve resources while increasing precision to the extent possible. 
 The efforts made to gain access to sampling units that fell on private property were very 
effective.  Land owners were contacted by letter and telephone well before ground assessment 
was planned, and additional contact was attempted prior to the actual visit.  These techniques 
contributed to a very high response rate. 
 A variety of new techniques were used in the response methodology.  A real-time 
differential GPS receiver was used so that ground assessors could accurately locate sample pixels 
on the ground.  The assessors successfully located and assigned a land cover category to all 
pixels within the visited sample, although in some instances, this was done by view from a boat 
or the roadside.  The land cover classification scheme applied to the reference data was intended 
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to be both mutually exclusive and exhaustive, as recommended.  Some of the land cover classes 
considered, however, were not fully mutually exclusive.   
 One problem that occurred was that reference data was sometimes recorded within each 
cluster in much more detail than necessary.  Some field workers diagramed vegetation on the 
data collection sheet, which had to be coded after the fact.  This created a situation in which 
deciding which single land cover class dominated a given pixel area became somewhat arbitrary, 
and certainly could have contributed to measurement error in the assessment method. 
 Early in the study, a cluster was defined to be a 5 × 5 collection of pixels because of its 
link to the minimum mapping unit.  However, mapping such a large region proved to be 
cumbersome and time consuming.  As a result, a cluster was subsequently defined to be a 3 × 3 
collection of pixels, in which the center pixel was the pixel sampled via the selection process 
described above.  The gain in precision of accuracy estimates and the increased ability to gather 
data for rarer land covers were deemed well worth the extra effort required to observe land cover 
for each of the pixels in the 3 x 3 pixel clusters.  This is because locating and travel costs for 
each center pixel are high relative to the cost of gathering additional data in the field for pixels 
adjacent to the center pixel.  The result was that nine-pixel standard errors of accuracy rates were 
on average one-third of those calculated from center pixels only.  
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Figure 2.1. Accuracy assessment study area in Iowa, partitioned into quads and primary 
sampling units (PSUs), which are quads or combinations of partial and/or whole 
quads.  Sampled PSUs are shaded. 
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Figure 2.2. Sampled primary sampling units and sampled pixels by land cover.  Numeric labels 
denote quad identification.  Replicate samples are denoted by symbols, as denoted 
in the legend below.  Color is used to denote the 17 land cover categories found in 
the study area. 
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Table 2.1 Information used to create pixel sample allocation across land cover categories.   
 
 
 
Land Cover Category 
(s) 
Total Area 
In Hectares 
(As) 
Adjustment
Coefficient
(Ks) 
Allocation
Weight
 )( 2/1ss AK
Initial 
Allocation
 )( 0sn
Final 
Allocation
(ns) 
Coniferous Forest 1,362 2 74 12 16 
Deciduous Forest 146,846 1 383 61 44 
Mixed Forest 2,635 1 51 8 16 
Shrubland 5,202 2 144 23 24 
Grass 112,282 1 335 53 44 
Sparsely Vegetated/Barren 1,723 1 42 7 16 
Artificial (roads, urban) 3,678 1 61 10 16 
Cropland 451,658 .5 336 53 44 
Open Water 17,270 .5 66 10 16 
Total 742,656  1,492 236 236 
 
 
 
 
 
Table 2.2 Allocation of sample pixels across land cover category strata and PSUs. 
 
 
PSU ID Land Cover 
Category 
(s) 
Sample 
Size 
(ns) 177 358 221 130 125 218 357 308 353 304 
Coniferous Forest 16 8 3 1 0 1 1 1 1 0 0 
Deciduous Forest 44 9 9 5 4 2 3 6 5 0 1 
Mixed Forest 16 7 5 1 0 0 1 2 0 0 0 
Shrubland 24 2 4 3 3 3 3 2 2 1 1 
Herbaceous 44 3 4 5 7 6 6 3 5 2 3 
Sparse Vegetation 16 0 1 1 1 4 1 1 1 4 2 
Urban 16 1 2 1 4 1 2 1 1 2 1 
Agriculture 44 1 3 4 4 6 5 3 4 6 8 
Water 16 10 4 0 0 0 0 1 0 0 1 
Total 236 41 35 21 23 23 22 20 19 15 17 
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Table 2.3 Estimated accuracy rates by land cover category using nine-pixel cluster data. 
 
 
 
 
Land Cover Categorya 
(s) 
Total Area 
with Consistent  
Field and Map 
Classifications 
(ha) 
 
 
Estimated 
Field Area 
(ha) 
 
 
 
Producer's Accuracy (%) 
)(ˆ sP b       (se)               n A
 
 
 
Map Area 
(ha) 
 
 
 
User's Accuracy (%)  
cs)(ˆ       (se)              n AU
Coniferous Forest 326 5,464 5.9 (1.9) 83 1,362 23.9 (9.5) 72 
Deciduous Forest 91,902 128,660 71.4 (3.7) 381 146,846 62.5 (3.4) 371 
Mixed Forest 153 1,204 12.7 (8.7) 23 2,635 5.8 (2.9) 69 
Coniferous Woodland 0 43 0.0 -    1 0 -   
Deciduous Woodland 0 32,890 0.0 0.0 57 0 -   
Mixed Woodland 0 3,376 0.0 0.0 11 0 -   
Shrubland         0 13,610 0.0 0.0 8 5,202 0.0 0.0 75
Grass         7,795 13,659 57.1 (7.4) 55 112,282 6.9 (1.5) 247
Sparsely Vegetated/Barren 0 1,381 0.0 0.0 13 1,723 0.0 0.0 36 
Artificial (roads, urban) 3,456 32,432 10.7 (3.5) 136 3,678 93.9 (3.3) 45 
Cropland     402,789 499,237 80.6 (2.1) 536 451,658 89.2 (2.1) 347
Open Water          9,700 10,700 90.7 (4.6) 73 17,270 56.2 (5.1) 115
Total         516,121 742,656 1,377 742,656 1,377
 
a  Land cover categories were defined by combining Iowa vegetation classes as described in text.   
 
b  Producer's Accuracy is the probability that a pixel observed in the field is in agreement with the map land cover category.  
 
c User's Accuracy is the probability that a pixel on the map is in agreement with the map land cover category. 
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Table 2.4 Estimated accuracy rates by land cover category using center pixel data only. 
 
 
 
 
Land Cover Categorya 
(s) 
Total Area 
with Consistent  
Field and Map 
Classifications 
(ha) 
 
 
Estimated 
Field Area 
(ha) 
 
 
 
Producer's Accuracy (%) 
)(ˆ s b            (se)            n AP
 
 
 
Map Area 
(ha) 
 
 
 
User's Accuracy (%)  
cs)(        (se)                n AU ˆ
Coniferous Forest 599 5,957 10.1 (9.2) 9 1,362 43.9 (13.5) 14 
Deciduous Forest 86,268 137,375 62.8 (12.3) 43 146,846 58.7 (9.1) 30 
Mixed Forest 0 310 0.0 (0.0) 2 2,635 (0.0) (0.0) 14 
Coniferous Woodland 0 187 0.0 - 1 0 -  0 
Deciduous Woodland 0 42,397 0.0 (0.0) 6 0 -  0 
Mixed Woodland 0 5,081 0.0 (0.0) 2 0 -  0 
Shrubland        0 21,827 0.0 - 5,2021 0.0 (0.0) 17
Grass        13,111 19,986 65.6 (19.9) 112,2826 11.7 (6.4) 26
Sparsely Vegetated/Barren 0 365 0.0 - 1 1,723 0.0 (0.0) 9 
Artificial (roads, urban) 3,313 37,267 8.8 (6.1) 15 3,678 90.1 (9.5) 10 
Cropland    364,349 463,759 78.6 (5.6) 60 451,658 80.7 (8.5) 20
Open Water 7,971  8,
145 
97.8       (2.2) 7 17,270 46.1 (13.9) 13
Total        516,121 742,656  742,656 153
 
a  Land cover categories were defined by combining Iowa vegetation classes as described in text.   
 
b  Producer's Accuracy is the probability that a pixel observed in the field is in agreement with the map land cover category.  
 
c User's Accuracy is the probability that a pixel on the map is in agreement with the map land cover category. 
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Table 2.5. Observed number of pixels in the nine-pixel cluster data for each field and map land cover category combination. a 
 
 
Map Land Cover Category   
Field Land  
Cover Category 
Conif. 
Forest 
Decid. 
Forest 
Mixed 
Forest 
Conif. 
Wdlnd 
Decid. 
Wdlnd 
Mixed 
Wdlnd 
Shrub
-land 
 
Grass 
Sparse 
Veg. 
Artifi-
cial 
Crop-
land 
Open
Water 
 
Total 
Coniferous Forest              39 29 15 0 0 0 0 0 0 0 0 0 83
Deciduous Forest              17 235 44 0 0 0 2 36 0 0 19 28 381
Mixed Forest              6 6 4 0 0 0 0 5 1 0 0 1 23
Coniferous Woodland              0 0 1 0 0 0 0 0 0 0 0 0 1
Deciduous Woodland              4 36 1 0 0 0 0 11 1 0 3 1 57
Mixed Woodland              2 8 0 0 0 0 0 0 0 0 1 0 11
Shrubland              0 1 0 0 0 0 0 3 0 0 4 0 8
Grass              1 10 0 0 0 0 0 23 0 0 3 18 55
Sparsely 
Vegetated/Barren 
0             0 0 0 0 0 0 8 0 4 0 1 13
Artificial (roads, urban)              0 4 2 0 0 0 1 40 3 41 44 1 136
Cropland              3 38 2 0 0 0 72 118 28 0 273 2 536
Open Water              0 4 0 0 0 0 0 3 3 0 0 63 73
Total              72 371 69 0 0 0 75 247 36 45 347 115 1,377
 
a  Examining the table across rows shows how a land cover category on the field is categorized on the map (related to Producer's 
Accuracy). Examining the table by columns shows how map land cover categories are categorized on the field (related to User's 
Accuracy). 
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Table 2.6 Observed number of center pixels for each field and map land cover category combination.a 
 
 
Map Land Cover Category   
Field Land  
Cover Category 
Conif. 
Forest 
Decid. 
Forest 
Mixed 
Forest 
Conif. 
Wdlnd
Decid. 
Wdlnd
Mixed 
Wdlnd
Shrub
-land 
 
Grass
Sparse 
Veg. 
Arti-
ficial 
Crop-
land 
Open
Water 
 
Total 
Coniferous Forest              6 1 2 0 0 0 0 0 0 0 0 0 9
Deciduous Forest              5 18 9 0 0 0 0 5 0 0 1 5 43
Mixed Forest              1 0 0 0 0 0 0 0 0 1 0 0 2
Coniferous Woodland              0 0 1 0 0 0 0 0 0 0 0 0 1
Deciduous Woodland              1 3 0 0 0 0 0 1 0 0 1 0 6
Mixed Woodland              1 1 0 0 0 0 0 0 0 0 0 0 2
Shrubland              0 0 0 0 0 0 0 0 0 0 1 0 1
Grass              0 1 0 0 0 0 0 3 0 0 0 2 6
Sparsely 
Vegetated/Barren 
0             0 0 0 0 0 0 0 0 1 0 0 1
Artificial (roads, urban)              0 0 1 0 0 0 0 3 9 1 1 0 15
Cropland              0 6 1 0 0 0 17 14 0 6 16 0 60
Open Water              0 0 0 0 0 0 0 0 0 1 0 6 7
Total              14 30 14 0 0 0 17 26 9 10 20 13 153
 
a  Examining the table across rows shows how a land cover category on the field is categorized on the map (related to Producer's 
Accuracy). Examining the table by columns shows how map land cover categories are categorized on the field (related to User's 
Accuracy). 
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Table 2.7  Estimated number of hectares using all pixels for each field and map land cover category combination.a 
 
 
Map Land Cover Category   
Field Land 
Cover Category Conif. 
Forest 
Decid. 
Forest 
Mixed 
Forest 
Conif. 
Wdlnd 
Decid. 
Wdlnd 
Mixed 
Wdlnd 
Shrub-
land 
 
Grass 
Sparse 
Veg. 
Artifi-
cial 
Crop-
land 
Open 
Water 
 
Total 
Coniferous Forest       326 4,543 485 0 0 0 0 0 0 0 0 0 5,464
Deciduous Forest       592 91,902 1,746 0 0 0 27 14,371 0 0 16,332 3,690 128,660
Mixed Forest       46 627 153 0 0 0 0 333 24 0 0 21 1,204
Coniferous Woodland       0 0 43 0 0 0 0 0 0 0 0 0 43
Deciduous Woodland       40 20,978 44 0 0 0 0 4,870 497 0 6,013 448 32,890
Mixed Woodland       16 3,322 0 0 0 0 0 0 0 0 38 0 3,376
Shrubland       0 546 0 0 0 0 0 2,133 0 0 10,931 0 13,610
Grass       304 1,022 0 0 0 0 0 7,795 0 0 1,641 2,897 13,659
Sparsely Vegetated/Barren       0 0 0 0 0 0 0 1,131 0 222 0 28 1,381
Artificial (roads, urban) 0 481 88 0 0 0 1,038 12,948 59 3,456 13,914 448 32,432 
Cropland       38 22,417 76 0 0 0 4,137 68,659 1,083 0 402,789 38 499,237
Open Water       0 898 0 0 0 0 0 42 60 0 38 9,700 10,700
Total     1,362 146,846 2,635 0 0 0 5,202 112,282 1,723 3,678 451,658 17,270 742,656
 
a  Examining the table across rows shows how land cover category on the field is categorized on the map (related to Producer's 
Accuracy). Examining the table by columns shows how map land cover categories are categorized on the field (related to User's 
Accuracy). 
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Table 2.8 Estimated number of hectares using center pixels only for each field and map land cover category combination.a 
 
 
Map Land Cover Category   
Field Land 
Cover Category Conif. Forest 
Decid. 
Forest 
Mixed 
Forest 
Conif. 
Wdlnd 
Decid. 
Wdlnd 
Mixed 
Wdlnd 
Shrub-
land 
 
Grass 
Sparse 
Veg. 
Artifi-
cial 
Crop-
land 
Open 
Water 
 
Total 
Coniferous Forest       599 4,984 374 0 0 0 0 0 0 0 0 0 5,957
Deciduous Forest       474 86,268 1,657 0 0 0 0 20,507 0 0 21,827 6,642 137,375
Mixed Forest       96 0 0 0 0 0 0 0 214 0 0 0 310
Coniferous Woodland       0 0 187 0 0 0 0 0 0 0 0 0 187
Deciduous Woodland       96 16,103 0 0 0 0 0 4,370 0 0 21,828 0 42,397
Mixed Woodland       97 4,984 0 0 0 0 0 0 0 0 0 0 5,081
Shrubland       0 0 0 0 0 0 0 0 0 0 21,827 0 21,827
Grass       0 4,218 0 0 0 0 0 13,111 0 0 0 2,657 19,986
Sparsely Vegetated/Barren       0 0 0 0 0 0 0 0 0 365 0 0 365
Artificial (roads, urban) 0 0 187 0 0 0 0 11,766 174 3,313 21,827 0 37,267 
Cropland       0 30,289 230 0 0 0 5,202 62,528 1,161 0 364,349 0 463,759
Open Water       0 0 0 0 0 0 0 0 174 0 0 7,971 8,145
Total     1,362 146,846 2,635 0 0 0 5,202 112,282 1,723 3,678 451,658 17,270 742,656
 
a  Examining the table across rows shows how land cover category on the field is categorized on the map (related to Producer's 
Accuracy). Examining the table by columns shows how map land cover categories are categorized on the field (related to User's 
Accuracy). 
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Appendix 2.1 
Letter to Iowa Land Owners 
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July 2, 1999 
 
«OwnerName» 
«Address» 
«City», IA «Zip» 
 
The enclosed image of your county was prepared using satellite technology and computer software.  The Iowa Cooperative Fish & 
Wildlife Research Unit at Iowa State University is working with more than a dozen government and private agencies to create an 
enhanced land cover map for the entire state. We are attempting to improve the resolution and detail of the map by expanding the 
number of land cover classes from the current 6 to about 25.  Once the map is produced we will need to determine its accuracy. This 
requires checking approximately 200 randomly selected points on the map with visits to those same points on the ground.   
 
We have completed land cover maps for Allamakee, Clayton, Fayette, and Winneshiek counties and will be conducting an accuracy 
assessment of these four counties as a trial run prior to the completion of the whole state. 
 
One of our primary funding agencies, the Biological Resources Division--U.S. Geological Survey,  requires us to obtain written 
permission from landowners before entering private property to conduct surveys.  Accordingly, we are requesting your approval to 
enter your land for the purpose described above. 
 
Specific information regarding this request is as follows: 
 
1. We will be working in your county during the months of July, August, and September 1999. We will contact you or someone you 
designate by phone one or two days in advance to arrange for the visit.  The person contacting you will identify themselves by 
referring to Iowa State University and the Iowa Land Cover Project.  The sampling point will be located using a geographical 
positioning system (GPS) unit. We anticipate that approximately 30-40 minutes or less will be spent on your land navigating to the 
point and assessing the land cover that is there. 
 
2. The field work will be conducted by research biologists Dr. Tom Rosburg or Dr. Erv Klaas. They can be reached by phone through 
the Research Unit office at 515-294-3056 or by cell phone at (515-231-6707).  
 
3. The property that we need to visit is located at: «T» «R», Section «S» 
 
4. Dr. Rosburg will be driving a blue Geo Metro, Story Co., License # CX 289. Dr. Klaas will be driving a Jeep Cherokee, U.S. 
Government License # I255350. 
 
Every effort will be made to minimize disturbance or disruption to your property and to close gates.  If you agree with this request, 
please sign below, return in the enclosed postage paid envelope or FAX it to 515-294-5468.  If you wish to discuss this request further 
before we contact you, please phone us.  Also indicate the name of the person who should be contacted directly before entering your 
property if it differs from yourself. An extra copy of this letter is enclosed for your records. Thank you for your cooperation. 
 
Sincerely yours, 
 
 
 
Erwin E. Klaas, Research Biologist 
 
Approval:__________________________________________ Date:_______________ 
                                          Landowner 
Direct Contact:_______________________________ Phone:______________________ 
                              Tenant or Caretaker 
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Appendix 2.2 
Iowa Data Collection Form 
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PROTOCOL FOR ACCURACY ASSESSMENT 
IOWA GAP -- VEGETATION 
GENERAL DATA 
 
Date ________________________   Surveyors _________________________________ 
 
 
County ________________________   Quad Name _____________________________ 
 
 
UTM easting ____________________   UTM northing __________________ 
 
 
Legal Description   T ____ R _____          Section _____ Quarters _____________________ 
 
 
Pixel ID#  ___________________________________ Confidence Level ___ within 20 m  ___ within 50 m 
 
         ___ within 100 m  ___ greater than 100 m 
 
 
PIXEL OBSERVATION DATA – SURVEY FORM 
 
Follow steps filling in cover estimates and checking selections that apply. 
 
Step 1.  Determine canopy cover of trees _____ 
 If less than 60%, go to step 2 
 If greater than 60%, which of these apply (A, B, or C):  
 
A. conifer species > 50% canopy cover     _____ 
 
dominant species native white pine  _____ PINE FOREST 
dominant species native eastern red cedar  _____ EASTERN RED CEDAR FOREST 
dominant species non-native conifer trees  _____ EVERGREEN FOREST 
 
B. deciduous species > 50% canopy cover  _____ 
 
dominant species one or more of the following: 
   silver maple, cottonwood, river birch, black willow  _____ TEMPORARY FLOODED FOREST WETLAND 
 
dominant species pin oak  _____ SEASONALLY FLOODED FOREST WETLAND 
 
dominant species one of more of the following: 
   oaks species (white, bur, red, black, shingle, 
   chinkapin) basswood, hard maple, white ash  _____ UPLAND DECIDUOUS FOREST 
 
dominant species one of more of the following: 
   green ash, American elm, red elm, hackberry, 
   boxelder, honey locust, black walnut, black locust 
 
   b. determine topographic & edaphic features: 
       on floodplain or riparian zone; alluvial soils  _____ TEMPORARY FLOODED FOREST WETLAND 
       on upland slopes, ridges or plain; non-alluvial soils  _____ UPLAND DECIDUOUS FOREST 
 
C. conifer and deciduous trees both between 30 and 50% cover  _____ MIXED EVERGREEN/DECIDUOUS FOREST 
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Step 2. Determine canopy cover of trees  _____ 
If less than 25%, go to step 3  
If greater than 25%, which of these apply (A, B, or C):  
A. conifer species > 30% canopy cover  _____ 
 
dominant species eastern red cedar  _____ EASTERN RED CEDAR WOODLAND 
 
B. deciduous species > 30% canopy cover  _____ 
 
dominant species oaks, hickory  _____ DECIDUOUS WOODLAND 
dominant species cottonwood, silver maple, 
   or black willow  _____ TEMPORARY FLOODED DECIDUOUS WOODLAND 
 
dominant species one of the following: 
   green ash, red elm, hackberry, boxelder, honey 
   locust black walnut, black locust, mulberry  _____ AGRICULTURAL SUCCESSIONAL WOODLAND 
 
C. conifer and deciduous trees both between 15 and 30%  
     cover  _____ MIXED EVERGREEN/DECIDUOUS WOODLAND 
 
 
Step 3. Determine cover of shrub species  _____ 
If less than 25% go to step 4. 
If greater than 25%, which of these apply ( 
 
A. on floodplain, riparian zone, or basin; alluvial or hydric soils 
 
soil typically saturated or damp, but very little standing  
water dominant species willow shrubs  _____ TEMPORARY FLOODED SHRUBLAND 
 
standing water typically present for several weeks in  
spring or after rains dominant species alder, dogwood,  
or willow shrubs  _____ SEASONALLY FLOODED SHRUBLAND 
 
some standing water present through most of growing  
season dominant species buttonbush, alder, dogwood  _____ SEMI-PERMANENT FLOODED SHRUBLAND 
 
 
 
 
B.  on upland ridges, slopes, or plains; soils well-drained 
 
dominant species dogwood or smooth sumac  _____ UPLAND SHRUBLAND 
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Chapter 3 
Kansas GAP Accuracy Assessment Pilot Study 
 
3.1 Introduction 
 In the summer of 1999, a pilot study was initiated to assist in the development of sample 
design, field data collection, and analysis methodologies for accuracy assessment of GAP land 
cover maps created for the EPA Region 7 states.  The land cover maps were developed via 
computer assisted analysis of 1992-93 Landsat Thematic Mapper (TM) data. Iowa, Nebraska and 
Kansas participated in the pilot study project.  This report describes the sample design and 
analyses for the Kansas component of the study.   
 
3.2 Study Area 
 The study area included a region defined by U.S. Geological Survey (USGS) 7.5’ 
Landsat images in northeastern Kansas.  This region was selected because of its high diversity of 
land cover and the mapping process in this area was nearly complete.  Four counties comprised 
the study area for the accuracy assessment pilot in Kansas: Douglas, Franklin, Johnson, and 
Miami counties. 
 
3.3 Sample Design 
 A stratified multi-stage cluster sample design (Lohr 1999) was used to select sample 
pixels for field visits similar to that outlined for Iowa in Chapter 2.  The study area included 53 
whole or partial USGS 7.5’ quadrangles (quads). For the most part, a PSU was defined to be a 
single quad.  However, to ensure that all of the PSUs covered roughly the same amount of land 
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area, some PSUs were defined by a combination of partial quads with partial or whole quads.  
The following quads were combined to create single PSUs: Belton, Stilwell; Bonner, Desoto; 
Bucyrus, Westline; Clinton, Grantville, Perry, and Richland; Edwardsville, Lenexa, Olathe, 
Shawnee, and Tonganoxie; Freeman, Louisburg; Gardner, Grandview;  Globe, Overbrook; 
Lawrence-East, Midland; Ottawa-NW, Vassar; Pomona, Quenemo; Lawrence-West, 
Williamstown; Williamsburg, Waverly. 
 Individual pixels were selected from PSUs in a second stage of sampling.  The cluster 
sample approach was implemented in part to mitigate travel and field costs.  Resource 
constraints dictated sample size.  Kansas staff had a goal of field visiting 100 points within the 
study area.  It was expected that access would be denied on approximately 5% of the sample 
points.  Thus an initial sample of 105 points was selected as follows. 
 First stage strata were defined so as to ensure geographic spread of the PSUs and ensure 
coverage of all land cover classes.  The study area was divided into seven strata, each consisting 
of four to five PSUs.  The borders of the strata were defined so that within-stratum variability for 
land cover classes was relatively low and among-strata variability in land cover classes was 
relatively high.  One PSU was randomly selected from each stratum with equal probability.   
 A list of the seven PSUs was sent to Kansas GAP staff, who created a data set containing 
the pixels within each sampled PSU for the second stage of sampling.  Information available in 
the second stage sampling frame of pixels included the quad id, a coordinate pair to uniquely 
identify the pixel, and the mapped land cover class for the pixel.  The land cover map used to 
generate this data set was a draft layer was generated in June 1999. 
 In the second stage of sampling, the 105 pixels were selected from the list of pixels 
previously created.  The pixel frame was stratified on the eleven land cover categories found in 
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the study region, with the exception of water.  The initial allocation of sample pixels of land 
category s was proportional to the square root of the total area of land cover category s in the 
study region.  Mathematically, this can be expressed as 
  ,0 ss An   
where ns is the number of pixels in land cover category s in the sample, and As is the total area of 
land cover category s in the sample.   The sample size allocation for each land cover category, 
, was subsequently adjusted to create the final allocation, , such that no land cover category 
had less than 5 or more than 15 sample points and  
0
sn sn
   .105 
s
sn
The area of each land cover category (in hectares), initial sample size allocation, and final 
sample size allocation, ns , are given in Table 3.1.    
 The full list of pixels for a given land cover class was sorted by quad, latitude, and 
longitude to encourage geographic spread of the sample pixels.  A random starting point was 
selected, and the pixels were sampled systematically from the list within each land cover 
category stratum.  Table 3.2 presents the distribution of sample pixels across PSUs and land 
cover categories.  Each selected pixel identifies a point on the land that was to be field-visited if 
at all possible.   
 
3.4 Field Assessment 
 Selected target pixels were located in the field by first driving to the general vicinity of a 
point using USGS 7.5’ topographic maps that contained the mapped locations of  sampling 
pixels.  Then surveyors navigated to the approximate coordinates of a target pixel on foot using a 
hand-held geographical positioning system (GPS) receiver.  The receiver did not have the 
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capability to differentially-correct coordinates in real or post-time; therefore it is highly likely 
that the land cover of the true location of the selected center pixel was not assessed. When 
necessary, permission to access the land was obtained by inquiring at the nearest household 
(access was granted in all cases).    
 At each target pixel, land cover was assessed for the targeted sampling area (30 x 30 m) 
and for the eight adjoining pixels (i.e., forming a 3 x 3 pixel matrix). For each targeted area, data 
collected included: identification of vegetation alliance or land cover type for each pixel; a brief 
map of notable features within the matrix; a GPS reading at the center of the matrix; location 
data; total time needed to conduct the survey; and brief notes on vegetation and other landscape 
features on or near the site. Data were manually entered in the field on printed data sheets.  To 
assist in identifying vegetation alliances, a standardized, hierarchical classification of the natural 
vegetation of Kansas (Lauver et al. 1999) was used.  According to this classification, 18 natural 
vegetation alliances (plus other land cover types including cropland and CRP land) occurred in 
the study area.  The data sheets contained a listing of these alliances and a 3 x 3 matrix block.  
Land cover codes were entered into each block representing the 3 x 3 pixel matrix. All field data 
were compiled into a computerized Microsoft Excel spreadsheet and sent to the Iowa State 
University Statistical Laboratory.  Because of the preliminary nature of this pilot project, ISU 
staff converted the Kansas land cover field data into ten land cover categories for statistical 
analysis.      
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3.5 Results 
 Because of the lack of comparability in field and map data, no sample weights were 
calculated.  Tables 3.3 and 3.4 present tabulations from map and field data for map and field land 
cover categories.  No inferences should be made from these tables since the differentially 
corrected map land cover was not available for comparison 
 
3.6 Acknowledgements 
 The sample was selected and data were analyzed by Carsetn Botts and Courtney Kies 
(ISU), with assistance from Sarah Nusser (ISU).  Chris Lauver (Kansas Biological Survey, 
University of Kansas) and his staff provided sampling materials and collected field data.  
Funding for the University of Kansas was provided through Environmental Protection Agency 
Assistance Agreement X 997770-01-0.  
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Table 3.1. Pixel sample allocation across land cover categories. 
 
 
 
Land Cover Category 
(s) 
Total Area 
In Hectares  
(As) 
Initial 
Allocation 
)( 0sn  
Final 
Allocation 
(ns) 
Cultivated Land, Irrigated 0 21 15 
Non-Native Grassland 67,329 13 14 
CRP, Native 52,434 12 13 
Tall Grass Prairie 49,744 12 12 
Oak-hickory Forest 49,129 12 12 
Floodplain Forests 43,188 12 13 
Woodlands 34,671 8 9 
Marsh 14,013 6 17 
Other Prairie 8,069 5 5 
Other Forest 7,096 4 5 
Total 325,673 105 105 
 
 
Table 3.2 Allocation of sample pixels across land cover category strata and PSUs. 
 
 
PSU ID Land Cover Category 
(s) 
Sample 
Size 
(ns) 3 5 13 17 22 23 28 
Cultivated Land, Irrigated 15 2 1 3 2 2 3 2 
Non-Native Grassland 14 2 3 2 1 3 2 1 
CRP, Native 13 3 1 2 3 1 1 2 
Tall Grass Prairie 12 2 1 2 2 1 2 2 
Oak-hickory Forest 12 2 2 2 1 2 2 1 
Floodplain Forests 13 1 2 2 1 3 2 2 
Woodlands 9 1 3 1 0 2 1 1 
Marsh 17 0 1 2 0 1 2 1 
Other Prairie 5 1 1 1 0 1 1 0 
Other Forest 5 1 0 1 1 1 1 0 
Total 105 15 15 18 11 17 17 12 
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Table 3.3. Number of center pixels by field and map land cover category combination (unweighted data). 
 
 
Field Land Cover Category   
 
 
Map Land Cover Category 
Cult. 
Land, 
Irrig. 
Non-
Native
Grass 
 
CRP, 
Native 
Tall 
Grass 
Prairie 
Oak-
Hickory
Forest 
Flood-
plain 
Forest 
 
Wood-
land 
 
 
Marsh 
 
Other 
Prairie 
 
Other 
Forest 
 
 
Water 
 
 
Total 
Cultivated Land, Irrigated             0 0 1 0 0 0 0 0 0 0 0 1
Non-Native Grassland             0 12 10 2 4 3 5 0 8 3 0 47
CRP, Native             0 0 0 0 0 1 0 0 0 0 0 1
Tall Grass Prairie             0 0 0 0 0 0 0 0 0 0 0 0
Oak-Hickory Forest             0 0 0 1 4 2 0 0 0 2 0 9
Floodplain Forest             0 1 1 1 4 4 0 1 0 4 0 16
Woodland             0 1 0 0 1 1 0 0 1 0 0 4
Marsh             0 0 0 0 0 1 0 1 0 0 0 2
Other Prairie             0 1 1 3 1 0 0 2 3 0 0 11
Other Forest             0 0 0 0 0 0 0 0 0 0 0 0
Water             0 0 0 0 0 0 0 1 0 0 0 1
Total             0 15 13 7 14 12 5 5 12 9 0 92
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Table 3.4. Number of pixels (including all nine pixels in a cluster) for each field and map land cover category combination 
(unweighted data). 
 
 
Field Land Cover Category   
 
 
Map Land Cover Category  
Cult. 
Land, 
Irrig. 
Non-
Native 
Grass 
 
CRP, 
Native 
Oak-
Hickory 
Forest 
Flood-
plain 
Forest 
 
Wood-
land 
 
 
Marsh 
 
Other 
Prairie 
 
 
Urban 
 
 
Water 
 
 
Total 
Cultivated Land, Irrigated            3 114 0 0 1 3 1 4 3 6 135
Non-Native Grassland            0 0 0 0 0 0 0 0 0 0 0
CRP, Native            6 102 0 0 3 3 0 3 0 0 117
Tall Grass Prairie            0 0 0 0 0 0 0 0 0 0 0
Oak-Hickory Forest            0 39 0 30 7 0 9 0 2 126
Floodplain Forest            2 35 9 17 29 9 1 3 0 3 108
Woodland            6 34 0 5 0 0 0 0 0 0 45
Marsh            0 11 0 0 7 0 1 17 0 9 45
Other Prairie            17 74 0 8 6 3 0 49 2 3 162
Other Forest            0 17 3 15 39 4 0 3 0 0 81
Not Availablea 0           9 0 0 0 0 0 0 0 0 9
Total            34 435 12 84 115 29 3 88 5 23 828
39
 
a  No map land cover category was provided for these pixels. 
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Chapter 4 
Nebraska GAP Accuracy Assessment Pilot Study 
 
 
4.1  Introduction 
 In the summer of 1999, a pilot study was initiated to assist in the development of sample 
design, field data collection, and analysis methodologies for accuracy assessment of GAP land 
cover maps created for the EPA Region 7 states.  The land cover maps were developed via 
computer assisted analysis of 1992-93 Landsat Thematic Mapper (TM) data. Iowa, Nebraska and 
Kansas participated in the pilot study project.  This report describes the sample design and 
analyses for the Nebraska component of the study.   
 
4.2 Study Area 
 The study area was defined by 85 U.S. Geological Survey (USGS) 7.5’ topographic 
quadrangles in northern Nebraska which includes the Niobrara Valley region.  This region was 
selected due to the high diversity of land cover and a high confidence level of the mapped 
classes. 
  
4.3 Sample Design 
 A stratified multi-stage cluster sample design (Lohr 1999) was used to select sample 
pixels for field visits.  Procedures implemented were similar to those used in Iowa, as described 
in Chapter 2.  The primary sampling unit (PSU) for the first stage sample is a USGS 7.5’ 
quadrangle (quad).  Individual pixels were selected from sample quads in a second stage of 
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sampling.  The cluster sample approach was implemented in part to mitigate travel and field 
costs.  Resource constraints dictated sample size.  Nebraska staff had a goal of field visiting 50 
points within the study area.  It was expected that access would be denied on approximately 20% 
of the sample points.  Thus an initial sample of 65 points was selected as follows. 
 First stage strata were defined to ensure geographic spread of the PSUs and to ensure 
coverage of all land cover classes.  The study area was divided into five strata, consisting of 15 
PSUs each.  The borders of the strata were defined so that within-stratum variability for land 
cover classes was relatively low and among-strata variability in land cover classes was relatively 
high.  Two PSUs were randomly selected from each stratum with equal probability.  A list of the 
ten sample quads was sent to Nebraska GAP staff, who created a list of pixels within the PSU for 
the second stage of sampling.  Information available in the data set of pixels included the quad 
ID, a coordinate pair to uniquely identify the pixel, and the mapped land cover class for the pixel.  
The map was a draft layer dated July 19, 1999. 
 The strata for the second stage sample were the ten land cover classes found in the study 
region.  Each land cover class was assigned a minimum of five sample points and a maximum of 
ten sample points.  Given these constraints, the point sample was allocated across land cover 
classes proportional to the square root of the area of the land cover class in the study region.  The 
sample size allocation across land cover class strata is listed in the second column of Table 4.1. 
 A stratified sample of 65 pixels was selected from the list of pixels for each land cover 
class as follows.  The full list of pixels for a given land cover class was sorted by quad, latitude 
and longitude to ensure geographic spread during the selection process.  A random starting point 
was selected and the pixels were sampled systematically from the list within each land cover 
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class stratum. Table 4.1 presents the distribution of sample pixels across PSUs and land cover 
classes. 
 
4.4 Data Collection 
 Each selected pixel identifies a point on the land that is to be field-visited.  Nebraska field 
staff identified the land owners for each pixel and contacted land owners to gain access 
permission.  Access was granted for 38 of the 65 pixels selected.  Field data and a GPS reading 
were obtained for 32 of the 38 points for which access permission was granted.  Three points 
were located within fields with center pivot irrigators.  Thus, field data were collected at the edge 
of the field and a GPS point was not collected in order to minimize crop disturbance.  Access 
was granted for three other points, but a GPS reading was not collected because they were 
located near water bodies.  One point was determined to be located near a water body’s edge, but 
dense vegetation made it impossible to reach the point.  Two points were located in the water 
body.   
 A total of 27 of the selected 65 points (41.5%) were not granted access permission.  For 
22 of the pixels, permission was not granted because land owner contact was not established due 
to lack of contact information (16 pixels) or because of a limited contact period prior to initiating 
field work (6 pixels).  For the remaining five pixels, permission was denied by the landowner 
when direct contact was established.   Considering only the 43 pixels for which contact was 
made, 88% provided access, suggesting that additional time for locating contact information and 
contacting land owners may have produced results similar to those obtained in Iowa. 
 At each visited site, data were recorded for the location and for the land cover class for 
the point at the selected pixel location.  In addition, the land cover class was recorded for the 
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locations of eight additional pixels surrounding the selected pixel.  These points formed a 3 x 3 
grid, with the selected pixel location as the center point.  The north-south and east-west distance 
between points was 30 m, simulating a 3 x 3 pixel grid. 
 At each of the 35 center pixels, the location was recorded using a GPS receiver.   The 
receiver was not differentially corrected in real time and thus it is likely that the actual location 
of the selected center pixel was not visited. Nebraska researchers created a database that 
contained the target location that was originally selected and the differentially-corrected location 
actually visited.  For each of the nine points in a pixel cluster, the database contained the land 
cover class from the field, the land cover class from the land cover map at the originally selected 
location, and the land cover class from the map at the differentially-corrected location.  
 
4.5 Weighting   
 Sample weights were calculated for use in estimating accuracy measures to adjust for the 
unequal probabilities of selection and for nonresponse due to lack of permission to access land. 
The procedures used for Iowa data were applied to the Nebraska data, with an extra 
poststratification adjustment that accounted for the change in map land cover resulting from the 
differential correction process.  The goal of this adjustment was to retain the property that the 
weights for the response pixels within a map land cover category (as defined by the differentially 
corrected location) sum to the surface area of the land cover category on the map. 
 Estimates of accuracy were generated to compare the field-observed land cover class with 
the differentially-corrected map-based land cover class for a given location.  Standard accuracy 
measures were used, including the estimators for the overall accuracy rate and the producer's and 
user’s accuracy rates (Congalton, 1991) described in Chapter 2. 
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4.6 Results 
 Unweighted data indicating land cover class matches for all pixels and for the center 
pixels are given in Tables 4.2 and 4.3, respectively. The corresponding weighted matrices are 
given in Tables 4.4 and 4.5.  The estimated accuracy rates for each land cover category are given 
in Table 4.6 for the nine-pixel data.  Overall accuracy was estimated to be 58.7% (se = 3.2).   
 
4.7 Acknowledgements 
 The sample was selected and the data were analyzed by Carsten Botts (ISU), with 
assistance from Sarah Nusser (ISU).  Jim Merchant (UNL) and Brian Putz (UNL) provided 
sampling materials and were involved in field data collection efforts. Funding for the University 
of Nebraska was provided through Environmental Protection Agency Assistance Agreement 
X997326-01-0 and U.S. Geological Survey Cooperative Agreement 1445-CA09-96-0020. 
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Table 4.1 Allocation of sample pixels across land cover category strata and across PSUs. 
 
 
Quad ID (PSU) Land Cover  
Category 
(s) 
Sample 
Size 
(ns) 1351 1359 1363 1427 1501 1510 1573 1582 1643 1652
Ponderosa Pine Forest 4 0 0 0 0 0 0 0 1 2 1 
Deciduous 4 0 0 0 0 0 1 0 1 0 2 
Evergreen 0 0 0 0 0 0 0 0 0 0 0 
Sandsage Shrubland 0 0 0 0 0 0 0 0 0 0 0 
Sandhills Upland 10 3 2 0 1 0 0 1 0 1 1 
Bulrush-Cattail 4 0 1 0 1 0 0 0 1 0 1 
Lowland Tallgrass 10 0 2 1 3 1 0 1 1 0 1 
Upland Tallgrass 5 0 0 1 0 4 0 0 0 0 0 
Little Bluestem-Grama 10 0 0 0 0 1 0 1 3 2 3 
Western Wheatgrass 0 0 0 0 0 0 0 0 0 0 0 
Western Mixed Grass 
Prairie 
0 0 0 0 0 0 0 0 0 0 0 
Barren/Sand/Rock 
Outcrop 
4 0 0 1 0 1 0 1 1 0 1 
Agriculture/Cropland 10 0 0 0 4 0 3 0 1 1 1 
Urban 0 0 0 0 0 0 0 0 0 0 0 
Open Water 4 0 0 0 1 0 0 0 2 0 1 
Total 65 3 6 6 7 6 6 5 9 5 12 
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Table 4.2. Number of pixels (including all nine pixels in a cluster) for each field and differentially corrected map land cover 
category combination (unweighted data). 
 
 Field Land Cover Category 
Differentially Corrected 
Map Land Cover 
Category 
Ponder-
osa Pine 
Forest 
 
Decid. 
Forest 
Ever-
green 
Forest 
Sandsage 
Shrub-
land 
Sand-
hills 
Upland 
 
Bulrush-
Cattail 
 
Lowland 
Tallgrass
 
Upland 
Tallgrass
Little 
Bluestem
-Grama 
 
Barren/
Sand 
Agri-
culture/ 
Cropland
 
 
Urban 
 
Open 
Water 
 
 
Total 
Ponderosa Pine Forest               0 0 7 0 0 0 0 0 2 0 1 0 2 12
Deciduous                0 9 0 0 0 0 0 0 7 0 0 0 0 16
Evergreen                0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandsage Shrubland               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandhills Upland               0 0 3 0 36 0 6 0 4 0 4 0 0 53
Bulrush-Cattail               0 0 0 0 0 0 2 0 0 0 0 0 0 2
Lowland Tallgrass               0 4 0 0 4 2 45 3 6 0 2 0 0 66
Upland Tallgrass               0 4 0 0 0 0 7 7 0 0 0 0 0 18
Little Bluestem-Grama               0 6 4 0 0 0 9 0 33 0 3 9 3 67
Western Wheatgrass               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Western Mixed Grass 
Prairie 
0              0 0 0 0 0 0 0 0 0 0 0 0 0
Barren / Sand / Rock 
Outcrop 
0              0 1 0 10 0 4 0 0 0 0 0 0 15
Agriculture/Cropland               1 0 1 0 0 0 9 0 8 0 17 0 0 36
Urban               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water               0 1 1 0 0 0 0 0 0 0 0 0 1 3
Total               1 24 17 0 50 2 82 10 60 0 27 9 6 288
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Table 4.3. Number of center pixels for each field and differentially corrected map land cover category combination (unweighted 
data). 
 
 
 Field Land Cover Category 
Differentially Corrected 
Map Land Cover 
Category 
Ponder-
osa Pine 
Forest 
 
Decid. 
Forest 
Ever-
green 
Forest 
Sandsage 
Shrub-
land 
Sand-
hills 
Upland 
 
Bulrush-
Cattail 
 
Lowland 
Tallgrass
 
Upland 
Tallgrass
Little 
Bluestem
-Grama 
 
Barren/
Sand 
Agri-
culture/ 
Cropland
 
 
Urban 
 
Open 
Water 
 
 
Total 
Ponderosa Pine Forest               0 0 1 0 0 0 0 0 1 0 0 0 0 2
Deciduous                0 0 0 0 0 0 0 0 1 0 0 0 0 1
Evergreen                0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandsage Shrubland               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandhills  
Upland 
0              0 0 0 4 0 0 0 1 0 1 0 0 6
Bulrush-Cattail               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lowland Tallgrass               0 0 0 0 1 0 5 1 0 0 0 0 0 7
Upland Tallgrass               0 0 0 0 0 0 1 1 0 0 0 0 0 2
Little Bluestem- Grama               0 1 0 0 0 0 1 0 5 0 0 1 0 8
Western Wheatgrass               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Western Mixed Grass 
Prairie 
0              0 0 0 0 0 0 0 0 0 0 0 0 0
Barren / Sand / Rock 
Outcrop 
0              0 0 0 1 0 1 0 0 0 0 0 0 2
Agriculture / Cropland               0 0 0 0 0 0 1 0 1 0 2 0 0 4
Urban               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total               0 1 1 0 6 0 9 2 9 0 3 1 0 32
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Table 4.4. Estimated number of hectares using all nine pixels in a cluster for each field and by differentially corrected map land 
cover category combination. 
 
 Field Land Cover Category 
Differentially Corrected 
Map Land Cover 
Category 
Ponder-
osa Pine 
Forest 
 
Deciduous 
Forest 
Ever-
green 
Forest 
Sandsage 
Shrub-
land 
Sand-
hills 
Upland 
 
Bulrush-
Cattail 
 
Lowland 
Tallgrass
 
Upland 
Tallgrass
Little 
Bluestem
-Grama 
 
Barren/
Sand 
Agri-
culture/ 
Cropland
 
 
Urban 
 
Open 
Water 
 
 
Total 
Ponderosa Pine Forest 0 0 7,186 0 0 0 0 0 7,870 0 4,333   0 7,869 27,258
Deciduous               0 9,134 0 0 0 0 0 0 14,182 0 0 0 0 23,316
Evergreen              0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandsage Shrubland             0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandhills Upland 0 0 16,857          0 244,820 0 12,106 0 24,848 0 35,810 0 0 334,441
Bulrush-Cattail              0 0 0 0 0 0 9,301 0 0 0 0 0 0 9,301
Lowland Tallgrass             0 13,425 0 0 18,328 9,164 174,549 8,595 15,193 0 15,094 0 0 254,348
Upland Tallgrass             0 10,371 0 0 0 0 11,421 19,317 0 0 0 0 0 41,109
Little Bluestem- Grama 0 15,647            16,297 0 0 0 31,905 0 150,798 0 8,613 48,055 16,018 287,333
Western Wheatgrass             0 0 0 0 0 0 0 0 0 0 0 0 0 0
Western Mixed Grass 
Prairie 
0            0 0 0 0 0 0 0 0 0 0 0 0 0
Barren / Sand / Rock 
Outcrop 
0           0 859 0 1,208 0 3,029 0 0 0 0 0 0 5,096
Agriculture / Cropland 2,374 0 2,375 0 0 0 90,267 0 24,768 0 121,714   0 0 241,498
Urban             0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water           0 2,170 2,170 0 0 0 0 0 0 0 0 0 2,170 6,510
Total            2,374 507,747 45,744 0 264,356 9,164 332,578 27,912 237,659 0 185,564 48,055 26,057 1,230,210
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Table 4.5. Estimated number of hectares using center pixels for each field and differentially corrected map land cover category 
combination. 
 
 Field Land Cover Category 
Differentially Corrected 
Map Land Cover 
Category 
Ponder-
osa Pine 
Forest 
 
Decid. 
Forest 
Ever-
green 
Forest 
Sandsage 
Shrub-
land 
Sand-
hills 
Upland 
 
Bulrush-
Cattail 
 
Lowland 
Tallgrass
 
Upland 
Tallgrass
Little 
Bluestem
-Grama 
 
Barren/
Sand 
Agri-
culture/ 
Cropland
 
 
Urban 
 
Open 
Water 
 
 
Total 
Ponderosa Pine Forest            0 0 5,640 0 0 0 0 0 21,618 0 4,333 0 0 27,258
Deciduous              0 0 0 0 0 0 0 0 23,316 0 0 0 0 23,316
Evergreen               0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandsage Shrubland              0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sandhills Upland          0 0 0 0 213,403 0 0 0 50,501 0 70,537 0 0 334,441
Bulrush-Cattail              0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lowland Tallgrass          0 0 0 0 42,827 0 183,834 27,688 0 0 0 0 0 254,349
Upland Tallgrass            0 0 0 0 0 0 16,141 24,967 0 0 0 0 0 41,108
Little Bluestem-Grama          0 7,185 0 0 0 0 29,393 0 206,483 0 0 44,273 0 287,334
Western Wheatgrass              0 0 0 0 0 0 0 0 0 0 0 0 0 0
Western Mixed Grass 
Prairie 
0             0 0 0 0 0 0 0 0 0 0 0 0 0
Barren / Sand / Rock 
Outcrop 
0             0 0 0 126 0 4,969 0 0 0 0 0 0 5,095
Agriculture / Cropland           0 0 0 0 0 0 105,453 0 6,788 0 129,257 0 0 241,498
Urban              0 0 0 0 0 0 0 0 0 0 0 0 0 0
Open Water              0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total              0 7,185 5,640 0 256,356 0 339,790 52,655 308,766 0 199,794 44,273 0 1,230,210
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Table 4.6. Estimated accuracy rates by land cover class using nine-pixel data. 
 
 
 
 
 
Land Cover Categorya 
(s) 
Total Area 
with 
Consistent  
Field and Map 
Classifications 
(ha) 
 
 
 
 
Map Area 
(ha) 
 
 
 
 
User’s Accuracy (%) 
)(ˆ s b       (se)              n AU
 
 
 
Estimated 
Field Area 
(ha) 
 
 
 
 
Producer's Accuracy (%)  
csP )(ˆ        (se)            n A
Ponderosa Pine Forest 0 2,374 0.0   1      27,258 0.0 (0.0) 12
Deciduous  9,134 50,747 18.0 (7.5) 24 23,316 39.2 (13.5) 16  
Evergreen  0 45,744 0.0 (0.0) 17 0     0
Sandsage Shrubland 0 0        0 0  0
Sandhills Upland 244,820 264,356 92.6 (3.5) 50 334,441 73.2 (6.2) 53  
Bulrush- Cattail 0 9,164 0.0  2 9,301 0.0 (0.0) 2  
Lowland Tallgrass 174,549 332,578 52.5 (6.6) 82 254,348 68.6 (6.2) 6  
Upland Tallgrass 19,317 27,912 69.2 (15.5)       10 41,109 47.0 (12.4) 18
Little Bluestem-Grama 150,798 237,659 63.5 (6.7) 60 287,333 52.5 (6.4) 67  
Western Wheatgrass 0 0        0 0  0
Western Mixed Grass 
Prairie 
0        0  0 0  0
Barren / Sand / Rock 
Outcrop 
0         0  0 5,096 0.0 (0.0) 15
Agriculture / Cropland 121,714 185,564 65.6 (9.6) 27 241,498 50.4 (9.1) 36  
Urban         0 48,055 0.0 (0.0) 9 0  0
Open Water 2,170 26,057 8.3 (8.4) 6 6,510 33.3 (27.4) 3  
TOTAL         722,502 1,230,210 288 1,230,210 288
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Introduction 
Quantifying the accuracy of a GAP land cover map involves comparing the thematic content of 
the digital map with corresponding thematic reference data (i.e., some form of “truth”) obtained 
from the field.  Typically, assessment locations are selected from the target area and reference 
data are gathered from field visits or photo-interpretation (Congalton 1991).  Methods of 
selecting assessment locations vary widely from purposive sampling, in which areas are 
intentionally selected for observation without applying a randomization mechanism, to selecting 
statistical samples from the entire target area or from some portion of the target area (e.g., 
roadsides).  Sampling units may be areas (polygons) or points on the land.  To analyze 
assessment data, a number of accuracy measures are available to compare the reference data and 
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land cover maps (Stehman 1997).  The choice of accuracy assessment methodologies is 
influenced by scientific, statistical, and operational concerns.   
 
Ideally, accuracy estimates are based on unbiased samples and statistical estimation methods that 
provide a measure of the precision of the estimated accuracy rate.  However, practical 
considerations such as targeting sample locations while maintaining geographic spread, choosing 
the appropriate observational unit, obtaining access to sampled locations, and minimizing travel 
costs all present challenges when designing such studies.  Sample survey methodologies provide 
a design and estimation framework that balances statistical and operational considerations with 
study objectives (Cochran 1978, Salant and Dillman 1994, Thompson 1998).  Probability sample 
designs can be developed to target areas requiring more intensive study, avoid areas that are 
difficult to access, or select clusters of observation units to reduce study costs.  Contact methods 
used in survey sampling provide an effective method of gaining access to private land and 
minimizing bias from nonresponse.  Just as a questionnaire provides a rigorous basis for 
repeatability in telephone surveys, field observation methods are based on protocols that 
encourage well-defined observations at the correct location while minimizing the effort required 
to collect reference data.  Estimators that take into account survey methods used in a study are 
readily available from this framework. 
 
In response to a request from EPA Region 7 for an integrated accuracy assessment plan in the 
region, we designed and conducted a pilot study using a sample survey approach to assess the 
accuracy GAP land cover maps.  The goal was to produce a statistically sound and operationally 
feasible design that meets GAP’s accuracy assessment objectives.  In particular, we were 
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interested in protocols for gaining permission to sample on private land, protocols for observing 
reference land cover in the field, appropriate sample design and estimation strategies, and 
quantifying the operational resources required to do a full accuracy assessment.   
 
In this paper, we focus on the Iowa pilot study.  We briefly summarize the methods we used to 
address scientific, statistical and operational considerations, and present pilot study results.  
Further details are available in Nusser and Klaas (2001).  Finally, we discuss the implications of 
this design for future accuracy assessment efforts. 
 
Sample Design 
The pilot study was conducted during the summer of 1999 in four northeast counties in Iowa: 
Allamakee, Clayton, Fayette and Winneshiek counties. 
 
A stratified two-stage cluster sample design (Lohr 1999) was used to select sample pixels for 
field visits from the four-county study area.  We first selected 7.5’quadrangles (or combinations 
of partial quads that fell on the border of the study area) as primary sampling units (PSU) (Figure 
1).  Five strata of 8-12 PSUs each were created to ensure geographic spread of the PSUs and 
coverage of all land cover categories.  Two PSUs were randomly selected from each stratum 
using systematic sampling, for a total of ten PSUs.   
 
Individual pixels were selected from PSUs in a second stage of sampling.  Resource constraints 
dictated sample size.  Iowa staff had a goal of visiting 200 points within the study area.  Since we 
expected that access would be denied for approximately 15% of the sample points, 236 sample 
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points were selected to achieve 200 responses.   Pixel samples were selected from the ten PSUs 
using a stratified design.  The pixel sample was stratified according to nine relatively 
homogeneous land cover categories, collapsed from the original 29 vegetation classes defined for 
Iowa (Table 1).   
 
To determine the allocation of sample pixels across land cover categories, we used a square root 
rule that balanced the need for estimates corresponding to the entire study area with the desire to 
obtain estimates for the defined land cover categories.  We incorporated an adjustment factor for 
increased sample size in challenging land covers, and reduced sample size for land covers that 
were easier to classify.  We then applied minimum (n=16) and maximum (n=44) sample sizes 
per stratum.  The full list of pixels for a given land cover category was sorted by PSU, latitude 
and longitude to encourage geographic spread of the sample pixels, and a systematic sample was 
selected (Figure 2).  
 
Because the time required to collect field data was not well known, the sample was divided into 
three balanced subsamples, corresponding to 50%, 25%, and 25% of the full sample, so that each 
balanced fraction of the sample could be completed and a decision made about resources 
availability for completing the next subsample.  Field observers were instructed to complete 
samples from subsample 1 (50% sample) prior to collecting data on subsample 2, and were given 
similar instructions for subsample 3.  In practice, these guidelines were implemented within 
county boundaries.  
 
  
 5
Obtaining Permission to Access Land 
Owner information and the Public Land Survey (PLS) location for each sample pixel were 
obtained from offices of the County Auditor or Assessor.  These offices are responsible for 
assessing property taxes and thus have the most recent information on land ownership.  Plat 
directories and local phone directories were used to determine addresses and phone numbers for 
each landowner.  Less than 10 of 236 addresses and ownerships were incorrect or had changed 
between the time of determination and the start of field work. 
 
Of the 236 sample pixels, 198 were located on private property and 38 were on state or federal 
lands or were within city limits of towns.  Letters requesting access to land were prepared using 
Iowa State University letterhead and mailed to each of the 198 private landowners along with a 
color land cover map of their county as a gift.  Landowners returned 90 letters (45.4%) and 87 of 
these granted permission to enter their property.  The day prior to visiting a site, a follow-up 
phone call was made to the landowner regardless of whether a letter had been received or not, 
resulting in an additional 58 landowners who granted access and 8 who denied access.  Due to 
insufficient time and resources, no follow-up calls or visits were made to 42 landowners in 
subsamples 2 and 3 in Fayette County and subsample 3 in Clayton County. 
 
Field Assessment  
Selected target pixels were located in the field by orienteering to the general vicinity of a point 
using the prepared topographic maps and then navigating to the exact coordinates of a point 
using a geographical positioning system (GPS) receiver with automatic differential correction 
capabilities (PLGR).  The GPS displayed a confidence interval from the desired coordinates that 
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was usually less than five meters.  Land cover was assessed for the target pixel (30 x 30 m) and 
the eight adjoining pixels using a list of codes for the 29 mapped vegetation classes in Iowa.  A 
total of 18 points located on the floodplain of the Mississippi River were accessed with an air 
boat provided by the U.S. Fish and Wildlife Service. 
 
Analysis 
Field and map land cover data were used to estimate standard accuracy assessment rates 
(Congalton 1991), including the overall accuracy rate and the producer’s and user’s rates for 
each of 12 land cover categories.  These corresponded to the nine pre-selected strata plus three 
additional woodland categories identified in the field, but not present on the map.  Two sets of 
analyses were performed to consider trade-offs in data collection effort and precision, one using 
all nine pixels from each of the 153 clusters (nine-pixel data) and a second based only on center 
pixels (center-pixel data). 
 
Because an unequal probability sample design was used and nonresponse occurred for some 
sample pixels, two sets of sample weights were calculated for use with center-pixel data and 
nine-pixel cluster data, respectively.  A ratio adjustment was used to create weights that generate 
the map area for each land cover category when weights for points in the map land cover 
category are summed (Nusser and Klaas 2001). 
 
To compare field-observed and map-determined land cover categories, weighted estimates of 
standard accuracy measures were calculated using estimators that were modified to incorporate 
sampling weights (Nusser and Klaas 2001).  Variance estimates were obtained using PROC 
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SURVEYMEANS in SAS (http://www.sas.com/rnd/app/da/new/802ce/stat/chap14/sect3.htm), 
accounting for pixel clusters and map land cover category strata.  Domain estimation was used 
for estimating user’s and producer’s accuracy rates. 
 
Results 
Overall accuracy was estimated to be 69.5% (s.e. = 2.0) using the nine-pixel cluster data.  The 
estimated accuracy rates for nine-pixel data varied greatly across land cover categories (Table 1).  
For example, the producer’s accuracy is quite high for artificial and cropland categories, but is 
poor for coniferous forest and especially for shrubland and sparse vegetation, all of which have 
relatively small map surface areas.  A similar level of variation was observed in estimates of 
user’s accuracy; water had a high accuracy rate, and smaller land cover classes had relatively 
poor accuracy.  Three woodland land cover categories (coniferous, deciduous, mixed) were 
found in the field, but were not present on the map.  Mismatches between the field and map land 
cover categories were often associated with related land cover categories (Table 2).  For 
example, pixels classified as woodland in the field were usually classified as forest on the land 
cover map.  Pixels classified in the field as shrubland and sparse vegetation were often classified 
as herbaceous on the map.   
 
Analyses using data from center pixels reflected similar estimates relative to the nine-pixel data, 
but typically generated larger standard errors.  The estimated overall accuracy of 64.0% (s.e. = 
6.3) is not statistically different from the nine-pixel estimate, but has an estimated standard error 
three times that of the nine-pixel estimate.  Most single-pixel accuracy rate estimates (Table 3) 
were within ten percentage points of the nine-pixel estimates.  The largest differences were 
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found with smaller land cover categories, where a reduction in sample size had a relatively large 
effect.  The center-pixel producer’s accuracy estimate for mixed forest was 0% because map and 
field-determined mixed forest pixels were never in agreement at a center pixel, whereas field and 
map matches for mixed forest were observed with nine-pixel data. 
 
Nine-pixel cluster data clearly provides additional information for rare cover classes, as shown  
by the greater number of nonzero cells in the nine-pixel map by field matrix relative to the 
center-pixel matrix (Table 4).  Standard errors for center-pixel estimates generally ranged from 
1.5 to 4.5 times higher than the nine-pixel standard errors, with most being about triple the size 
of the nine-pixel estimates.  For producer’s accuracy estimates, one standard error (coniferous 
forest) was over ten times higher than the corresponding nine-pixel estimate, while one other 
(grass, water) was half of the nine-pixel standard error.  This may be due in part to the 
dependence of the variance estimate on the estimated percentage. These results indicate that 
substantial gains in precision were generally obtained by observing additional data.  
 
Discussion 
A primary goal of this pilot study was to explore the use of the sample survey approach in 
accuracy assessment, including sample design, owner contact, field data collection, and analysis.  
A sample design was developed to balance operational and statistical considerations, and to 
cover the entire study area, regardless of accessibility.  The stratified two-stage cluster sample 
design worked well to control sample sizes for map land cover categories and to encourage 
geographic spread across and within PSUs.  The design proved sufficiently flexible that it was 
easily adapted for two neighboring states (Nusser and Klaas 2001). 
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Early in the project design phase, we discussed alternative definitions for the first stage sampling 
unit, or PSU.  Historically, a quad sheet (or quarter quad) has been used as a sampling unit at this 
stage for other GAP accuracy assessment studies.  Quad sheets provide an operational advantage 
in reducing travel time and workload relative to a systematic or simple random sample, but are 
sufficiently large to avoid overly clustered second stage samples that reduce the statistical 
efficiency of the design.  A second alternative is to define the PSU as a county or a portion of a 
county, which has similar properties, but would provide significant operational efficiencies when 
identifying land owners. 
 
The choice of a pixel as the second stage sampling unit was simple to work with in the sampling 
process.  The stratum identification provided the control needed to address sample size 
requirements for strata and the allocation strategy allowed us to balance estimation goals for land 
cover classes.  The gain in precision of accuracy estimates obtained from the nine-pixel design 
and the increased ability to gather data for rare land covers were deemed well worth the extra 
effort required to observe land cover for each of the pixels in the 3 x 3 pixel clusters. 
 
The pilot study demonstrated the need to accurately locate the pixel.  Without precise 
positioning, field staff may visit a pixel with a map land cover category different from the 
category associated with the true location of the selected pixel, and destroy the control provided 
by stratification for land cover categories. 
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Protocols for contacting landowners had a large effect on the response rates in the study.  Several 
attempts were made to contact landowners and different contact modes (e.g., telephone, mail) 
were used to improve response rates.  Key strategies included using Iowa State University 
letterhead (rather than federal agency letterhead), explaining the study and its significance to 
Iowa and the land owner, offering a printed map of the area as a gift, and calling the land owner 
before the visit to remind him/her of the project to seek permission if needed.  These protocols 
are derived from proven sample survey methodologies that are known to maximize response 
rates (Salant and Dillman 1994). 
 
One of the advantages of the design used is that all land was eligible to be assessed for accuracy 
and thus the results apply to the entire target area.  Although few areas are physically 
inaccessible in the Midwest, there is still a need to develop ground-truthing methods for 
inaccessible or otherwise unobservable sample units.  For example, aerial photography may 
provide a surrogate material for unobservable units. 
 
A major concern with the current pilot study was the use of 1999 field data to assess the accuracy 
of a land cover map derived from 1992 imagery.  Large changes in land cover can occur in this 
time span that confound assessments of the digital map. 
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Figure 1. Accuracy assessment study area in Iowa, partitioned into quads and primary 
sampling units (PSUs), which are quads or combinations of partial and/or whole 
quads.  Sampled PSUs are shaded. 
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Figure 2. Sampled primary sampling units and sampled pixels by land cover.  Numeric labels 
denote quad identification.  Subsamples are denoted by symbols, as denoted in the 
legend below.   
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Table 1. Estimated accuracy rates by land cover category using nine-pixel cluster data. 
 
 
 
 
Land Cover Categorya 
(s) 
Total Area 
with Consistent  
Field and Map 
Classifications 
(ha) 
 
 
Estimated 
Field Area 
(ha) 
 
 
 
Producer's Accuracy (%) 
)(ˆ sP b       (se)               n A
 
 
 
Map Area 
(ha) 
 
 
 
User's Accuracy (%)  
cs)(ˆ       (se)              n AU
Coniferous Forest 326 5,464 5.9 (1.9) 83 1,362 23.9 (9.5) 72 
Deciduous Forest 91,902 128,660 71.4 (3.7) 381 146,846 62.5 (3.4) 371 
Mixed Forest 153 1,204 12.7 (8.7) 23 2,635 5.8 (2.9) 69 
Coniferous Woodland 0 43 0.0 -    1 0 -   
Deciduous Woodland 0 32,890 0.0 0.0 57 0 -   
Mixed Woodland 0 3,376 0.0 0.0 11 0 -   
Shrubland         0 13,610 0.0 0.0 8 5,202 0.0 0.0 75
Grass         7,795 13,659 57.1 (7.4) 55 112,282 6.9 (1.5) 247
Sparsely Vegetated/Barren         0 1,381 0.0 0.0 13 1,723 0.0 0.0 36
Artificial (roads, urban) 3,456         32,432 10.7 (3.5) 136 3,678 93.9 (3.3) 45
Cropland     402,789 499,237 80.6 (2.1) 536 451,658 89.2 (2.1) 347
Open Water          9,700 10,700 90.7 (4.6) 73 17,270 56.2 (5.1) 115
Total         516,121 742,656 742,656
 
a    Land cover categories were defined by combining Iowa vegetation classes as follows:    coniferous forest = pine forest, eastern red cedar forest, evergreen forest; deciduous forest = upland deciduous forest, 
temporarily flooded forested wetland, seasonally flooded forested wetland; mixed forest = mixed evergreen and deciduous forest; coniferous woodland = eastern red cedar woodland; deciduous woodland = 
upland deciduous woodland, temporarily flooded deciduous woodland, seasonally flooded deciduous woodland; mixed woodland = mixed evergreen and deciduous woodland; shrubland = upland shrub, 
temporarily flooded shrub, seasonally flooded shrub, semi-permanently flooded shrub, saturated shrub; grass =  warm season grass/perennial forbs, temporarily flooded wetland, seasonally flooded wetland, 
semi-permanently flooded wetland, saturated wetland, permanently flooded wetland; grassland with sparse shrubs and trees; sparsely vegetated/barren = a single vegetation class that includes open 
bluff/cliff, talus slopes, mud, sand, soil; artificial = artificial with high vegetation, artificial with low vegetation; agriculture = cool season  grass, cropland; open water = a single vegetation class.  The 
woodland land cover categories were not present on the land cover map, but were observed in the field during the study.   
 
b  Producer's Accuracy is the probability that a pixel observed in the field is correctly depicted on the map.  
 
c User's Accuracy is the probability that a pixel on the map correctly identifies the land cover category as it exists in the field.  
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Table 2. Observed number of pixels in nine-pixel data, by field and map land cover category. a 
 
 
Map Land Cover Category   
Field Land  
Cover Category 
Conif. 
Forest 
Decid. 
Forest 
Mixed 
Forest 
Conif. 
Wdlnd 
Decid. 
Wdlnd 
Mixed 
Wdlnd 
Shrub
-land 
 
Grass 
Sparse 
Veg. 
Artifi-
cial 
Crop-
land 
Open
Water 
 
Total 
Coniferous Forest              39 29 15 0 0 0 0 0 0 0 0 0 83
Deciduous Forest              17 235 44 0 0 0 2 36 0 0 19 28 381
Mixed Forest              6 6 4 0 0 0 0 5 1 0 0 1 23
Coniferous Woodland              0 0 1 0 0 0 0 0 0 0 0 0 1
Deciduous Woodland              4 36 1 0 0 0 0 11 1 0 3 1 57
Mixed Woodland              2 8 0 0 0 0 0 0 0 0 1 0 11
Shrubland              0 1 0 0 0 0 0 3 0 0 4 0 8
Grass              1 10 0 0 0 0 0 23 0 0 3 18 55
Sparsely Vegetated /   
   Barren 
0             0 0 0 0 0 0 8 0 4 0 1 13
Artificial (roads, urban) 0             4 2 0 0 0 1 40 3 41 44 1 136
Cropland              3 38 2 0 0 0 72 118 28 0 273 2 536
Open Water              0 4 0 0 0 0 0 3 3 0 0 63 73
Total              72 371 69 0 0 0 75 247 36 45 347 115 1,377
 
a  Examining the table across rows shows how a land cover category observed in the field is categorized on the map (related to 
Producer's Accuracy). Examining the table by columns shows how map land cover categories are categorized in the field (related 
to User's Accuracy). 
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Table 3. Estimated accuracy rates by land cover category using center-pixel data. 
 
 
 
 
Land Cover Categorya 
(s) 
Total Area 
with Consistent  
Field and Map 
Classifications 
(ha) 
 
 
Estimated 
Field Area 
(ha) 
 
 
 
Producer's Accuracy (%) 
)(ˆ s b            (se)            n AP
 
 
 
Map Area 
(ha) 
 
 
 
User's Accuracy (%)  
cs)(        (se)                n AU ˆ
Coniferous Forest 599 5,957 10.1       (9.2) 9 1,362 43.9 (13.5) 14
Deciduous Forest 86,268 137,375 62.8 (12.3) 43 146,846 58.7 (9.1) 30 
Mixed Forest 0 310 0.0 (0.0) 2 2,635 (0.0) (0.0) 14 
Coniferous Woodland 0 187 0.0 - 1 0 -  0 
Deciduous Woodland 0 42,397 0.0 (0.0) 6 0 -  0 
Mixed Woodland 0 5,081 0.0 (0.0) 2 0 -  0 
Shrubland        0 21,827 0.0 - 5,2021 0.0 (0.0) 17
Grass        13,111 19,986 65.6 (19.9) 112,2826 11.7 (6.4) 26
Sparsely Vegetated/Barren        0 365 0.0 - 1 1,723 0.0 (0.0) 9
Artificial (roads, urban) 3,313         37,267 8.8 (6.1) 15 3,678 90.1 (9.5) 10
Cropland    364,349 463,759 78.6 (5.6) 60 451,658 80.7 (8.5) 20
Open Water 7,971  8,145 97.8 (2.2) 7 17,270 46.1 (13.9) 13 
Total        516,121 742,656  742,656 153
 
a    Land cover categories were defined by combining Iowa vegetation classes as follows:    coniferous forest = pine forest, eastern red cedar forest, evergreen forest; deciduous forest = upland deciduous forest, 
temporarily flooded forested wetland, seasonally flooded forested wetland; mixed forest = mixed evergreen and deciduous forest; coniferous woodland = eastern red cedar woodland; deciduous woodland = 
upland deciduous woodland, temporarily flooded deciduous woodland, seasonally flooded deciduous woodland; mixed woodland = mixed evergreen and deciduous woodland; shrubland = upland shrub, 
temporarily flooded shrub, seasonally flooded shrub, semi-permanently flooded shrub, saturated shrub; grass =  warm season grass/perennial forbs, temporarily flooded wetland, seasonally flooded wetland, 
semi-permanently flooded wetland, saturated wetland, permanently flooded wetland; grassland with sparse shrubs and trees; sparsely vegetated/barren = a single vegetation class that includes open 
bluff/cliff, talus slopes, mud, sand, soil; artificial = artificial with high vegetation, artificial with low vegetation; agriculture = cool season  grass, cropland; open water = a single vegetation class.  The 
woodland land cover categories were not present on the land cover map, but were observed in the field during the study.   
 
b  Producer's Accuracy is the probability that a pixel observed in the field is correctly depicted on the map.  
 
c User's Accuracy is the probability that a pixel on the map correctly identifies the land cover category as it exists in the field.  
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Table 4 Observed number of pixels in center-pixel data, by field and map land cover category.a 
 
 
Map Land Cover Category   
Field Land  
Cover Category 
Conif. 
Forest 
Decid
. 
Forest
Mixe
d 
Forest
Conif. 
Wdlnd 
Decid. 
Wdlnd 
Mixed 
Wdlnd 
Shrub
-land 
 
Grass 
Spars
e 
Veg. 
Artifi-
cial 
Crop-
land 
Open
Water 
 
Total 
Coniferous Forest              6 1 2 0 0 0 0 0 0 0 0 0 9
Deciduous Forest              5 18 9 0 0 0 0 5 0 0 1 5 43
Mixed Forest              1 0 0 0 0 0 0 0 0 1 0 0 2
Coniferous Woodland              0 0 1 0 0 0 0 0 0 0 0 0 1
Deciduous Woodland              1 3 0 0 0 0 0 1 0 0 1 0 6
Mixed Woodland              1 1 0 0 0 0 0 0 0 0 0 0 2
Shrubland              0 0 0 0 0 0 0 0 0 0 1 0 1
Grass              0 1 0 0 0 0 0 3 0 0 0 2 6
Sparsely Vegetated /   
   Barren 
0             0 0 0 0 0 0 0 0 1 0 0 1
Artificial (roads, urban) 0             0 1 0 0 0 0 3 9 1 1 0 15
Cropland              0 6 1 0 0 0 17 14 0 6 16 0 60
Open Water              0 0 0 0 0 0 0 0 0 1 0 6 7
Total              14 30 14 0 0 0 17 26 9 10 20 13 153
 
a  Examining the table across rows shows how a land cover category observed in the field is categorized on the map (related to 
Producer's Accuracy). Examining the table by columns shows how map land cover categories are categorized on in the field 
(related to User's Accuracy). 
 
 
 

PROTOCOL FOR ACCURACY ASSESSMENT 
IOWA GAP — VEGETATION 
GENERAL DATA 
 
Date ______________________________  Surveyors _________________________________ 
 
County ___________________________  Quad Name ______________________________ 
 
Target Pixel ID# __________________________________ Confidence Level ___within 10 m  ___within 30 m   
 
                      ___within 60 m  ___greater than 60 m 
 
Target Pixel Location: 
 
UTM easting _______________ UTM northing _______________ UTM zone __________ Datum __________ 
 
Legal Description T ________ R ________ Section _______  Quarters ___________________________________ 
 
IF GPS DATA ARE COLLECTED AT THE SITE FOR POST-PROCESSING, RECORD FILE NAME 
 
Data File Name ____________________ 
 
 
Time Start _______________ Time End _______________ 
 
 
PIXEL OBSERVATION DATA – SURVEY FORM 
 
Follow steps filling in cover estimates and checking selections that apply.  Dominant is defined as greater than 50% abundance. 
 
Step 1.  Determine % canopy cover of trees _____ 
If less than 60%, go to step 2 
If greater than 60%, which of these apply (A, B, or C):  
A. conifer species > 50% canopy cover  _____ 
 
dominant species native or introduced pine  _____       PINE FOREST 
 
dominant species native eastern red cedar  _____       EASTERN RED CEDAR FOREST 
 
 
B. deciduous species > 50% canopy cover   
 
  on upland ridges, slopes, or plains; soils well-drained   _____   UPLAND DECIDUOUS FOREST 
 
  on floodplain, riparian zone, or basin; alluvial or hydric soils – choose either I or II 
 
   I. dominant species one or more of the following: 
silver maple, cottonwood, river birch, black willow 
green ash, American elm, red elm, hackberry 
boxelder, honey locust, black walnut, black locust   _____ TEMPORARY FLOODED FOREST WETLAND 
 
   II. dominant species pin oak         _____ SEASONALLY FLOODED FOREST WETLAND 
 
 
 C. conifer and deciduous trees both between 30 and 50% cover _____ MIXED EVERGREEN/DECIDUOUS FOREST 
 
Step 2. Determine % canopy cover of trees _____ 
If less than 25%, go to step 3 
If greater than 25%, which of these apply (A, B, or C):  
A. conifer species > 30% canopy cover        _____   EASTERN RED CEDAR WOODLAND 
 
 B. deciduous species > 30% canopy cover 
 
  on upland ridges, slopes, or plains; soils well-drained   _____   UPLAND DECIDUOUS WOODLAND 
 
  on floodplain, riparian zone, or basin; alluvial or hydric soils _____   TEMPORARY FLOODED DECIDUOUS 
WOODLAND 
 
 
 C. conifer and deciduous trees both between 15 and 30% cover  _____  MIXED EVERGREEN/DECIDUOUS 
WOODLAND 
 
 
 
 
 
 
Step 3. Determine % cover of shrub species _____ 
 If less than 25% go to step 4. 
 If greater than 25%, which of these apply (A or B): 
 
  A. on floodplain, riparian zone, or basin; alluvial or hydric soils – choose I, II, or III 
 
   I. soil saturated or damp through some of the growing season (less than half), but very seldom standing water present 
dominant species may be willow shrubs       _____ TEMPORARY FLOODED SHRUBLAND 
 
II. soil typically saturated or damp through most of growing season (more than half) with standing water typically present 
for several weeks in spring or after recent precipitation 
   dominant species may be alder, dogwood, or willow shrubs  _____ SEASONALLY FLOODED SHRUBLAND 
 
   III. soil saturated and standing water present continuously in most years 
   dominant species may be buttonbush, alder, or dogwood shrubs _____ SEMI-PERMANENT FLOODED SHRUBLAND 
 
 
  B. on upland ridges, slopes, or plains; soils well-drained 
 
   dominant species dogwood or smooth sumac      _____ UPLAND SHRUBLAND 
 
 
 
 
 
 
Step 4. Determine % cover of herbaceous vegetation  _____ 
 If less than 10%           _____   SPARSELY VEGETATED/BARREN 
 If greater than 10%, which of these apply (A or B): 
 
  A. trees, shrubs, or the total cover of trees and shrubs > 10%     _____  GRASSLAND WITH SPARSE 
SHRUBS & TREES 
 
  B. trees, shrubs, or the total cover of trees and shrubs < 10% -- choose 1 or 2 
 
   1. on floodplain, riparian zone, or basin; alluvial or hydric soils – choose I, II, III, IV, or V 
 
I. soil saturated or damp through some of the growing season (less than half), but very seldom standing water present; 
water from surface runoff or shallow groundwater; 
dominant species may be prairie cordgrass, sedges, big bluestem  _____  TEMPORARY FLOODED WETLAND 
 
II. soil typically saturated or damp through most of growing season (more than half) with standing water typically 
present for several weeks in spring or after recent precipitation; water from surface runoff or shallow groundwater; 
dominant species may be sedges, reed canary grass, bluejoint grass, 
bulrush, cat-tail (primarily emergent species)       _____  SEASONALLY FLOODED 
WETLAND 
 
    III. soil saturated and standing water present through most of growing season; 
    water from surface runoff or shallow groundwater; 
    dominant species may be bulrush, cat-tail, reedgrass, arrowhead  _____  SEMI-PERMANENT FLOODED 
WETLAND 
 
    IV. soil saturated and standing water present continuously in most years; 
    water from surface runoff or shallow groundwater; 
    dominant species may be water lily, water lotus, pondweed, 
coon-tail, wild celery (primarily submergent or floating leaved)  _____  PERMANENTLY FLOODED 
WETLAND 
 
    V. soil saturated continuously in most years; but very seldom standing water present; 
water from deep underground source; 
    dominant species may be beaked sedge, sedges, cat-tail    _____  SATURATED WETLAND 
 
  2. on upland ridges, slopes, or plains; soils well-drained – choose I, II, III or IV 
 
    I. dominant species big bluestem, indiangrass, little bluestem, 
side-oats grama, or switchgrass,           _____  WARM-SEASON GRASS 
 
    II. dominant species bluegrass, brome, orchard grass, fescue, or 
other introduced forage species such as alfalfa       _____  COOL-SEASON GRASS 
 
    III. dominant species native, tall forb species       _____  Tall Forb Oldfield 
 
    IV. dominant species agricultural rowcrops such as corn, 
soybeans, or small grains such as oats         _____  CROPLAND  
 
 
 
 
 
 
 
 
 
 
 
3 x 3 matrix  – each cell of the grid represents a 30x30 meter pixel 
 
  
 Northwest North Northeast 
 West Target East 
 Southwest South Southeast 
  
 
 
1.  Write the name of the landcover class in the box for the Target Pixel as determined by following steps in the key.  
Assess the vegetation in the surrounding neighbor pixels (indicated above by the heavy lines) and write the name of 
the landcover class in each.  If neighbor pixels are the same as the Target Pixel writing “same” will suffice.  If they 
are different from the Target Pixel, write the name of the label in the box. 
 
2.  Assess the vegetation at a larger scale.  What landcover label (or combination of labels) best describes the 
vegetation within a 5x5 pixel area (the 150 m x 150 m area outlined above by the dashed line ).  If more than one 
landcover type is present, estimate the proportion of the area each type occupies. 
 
 
 1. __________________________________________________________ 
 
 
 2. __________________________________________________________ 
 
 
 3. __________________________________________________________ 
July 2, 1999 
 
«OwnerName» 
«Address» 
«City», IA «Zip» 
 
The enclosed image of your county was prepared using satellite technology and computer software.  The Iowa Cooperative Fish & 
Wildlife Research Unit at Iowa State University is working with more than a dozen government and private agencies to create an 
enhanced land cover map for the entire state. We are attempting to improve the resolution and detail of the map by expanding the 
number of land cover classes from the current 6 to about 25.  Once the map is produced we will need to determine its accuracy. 
This requires checking approximately 200 randomly selected points on the map with visits to those same points on the ground.   
 
We have completed land cover maps for Allamakee, Clayton, Fayette, and Winneshiek counties and will be conducting an accuracy 
assessment of these four counties as a trial run prior to the completion of the whole state. 
 
One of our primary funding agencies, the Biological Resources Division--U.S. Geological Survey,  requires us to obtain written 
permission from landowners before entering private property to conduct surveys.  Accordingly, we are requesting your approval to 
enter your land for the purpose described above. 
 
Specific information regarding this request is as follows: 
 
1. We will be working in your county during the months of July, August, and September 1999. We will contact you or someone 
you designate by phone one or two days in advance to arrange for the visit.  The person contacting you will identify themselves by 
referring to Iowa State University and the Iowa Land Cover Project.  The sampling point will be located using a geographical 
positioning system (GPS) unit. We anticipate that approximately 30-40 minutes or less will be spent on your land navigating to the 
point and assessing the land cover that is there. 
 
2. The field work will be conducted by research biologists Dr. Tom Rosburg or Dr. Erv Klaas. They can be reached by phone 
through the Research Unit office at 515-294-3056 or by cell phone at (515-231-6707).  
 
3. The property that we need to visit is located at: «T» «R», Section «S» 
 
4. Dr. Rosburg will be driving a blue Geo Metro, Story Co., License # CX 289. Dr. Klaas will be driving a Jeep Cherokee, U.S. 
Government License # I255350. 
 
Every effort will be made to minimize disturbance or disruption to your property and to close gates.  If you agree with this request, 
please sign below, return in the enclosed postage paid envelope or FAX it to 515-294-5468.  If you wish to discuss this request 
further before we contact you, please phone us.  Also indicate the name of the person who should be contacted directly before 
entering your property if it differs from yourself. An extra copy of this letter is enclosed for your records. Thank you for your 
cooperation. 
 
Sincerely yours, 
 
 
 
Erwin E. Klaas, Research Biologist 
 
Approval:__________________________________________ Date:_______________ 
                                          Landowner 
Direct Contact:_______________________________ Phone:______________________ 
                              Tenant or Caretaker 
Iowa NatureMapping: a citizen-based wildlife monitoring, education, and outreach 
program for Iowa GAP 
 
INTRODUCTION 
 
In 1999, Iowa State University Extension (ISUE) Wildlife Programs began offering the Iowa 
NatureMapping Program to a wide-ranging audience. NatureMapping is a citizen-based wildlife 
monitoring program and an education and outreach component of Iowa GAP. As of October 
2001, Iowa NatureMapping volunteers had collected 6,877 records from 133 different sites 
around Iowa. There are 247 total sites in Iowa set up for NatureMapping projects. Not all of 
them had been monitored as of October. Thus far, 185 different species are represented in the 
data. Reliable, accurate, and up-to-date information about Iowa’s wildlife collected by Iowans 
will give those considering decisions such as wildlife management and research, urban 
development, or conservation and preservation a valuable layer of data not otherwise available in 
traditional land use planning. NatureMapping is a way to collect large datasets while 
reconnecting people to their local resources. Beyond collecting data, Iowa NatureMapping is 
educating and engaging a diverse group of Iowans, and making them a part of a real science 
endeavor. 
 
Background 
 
Iowa educators are actively involved in a wide variety of classroom, outdoor, and residential 
environmental education (EE) activities and programs. Iowa's county conservation board system 
has further extended EE to students and other Iowa citizens beyond the K-12 level. Many non-
governmental organizations (NGOs), such as the Iowa Natural Heritage Foundation, Iowa 
Audubon, and others, have provided adults with valuable opportunities for EE. Similarly, ISUE 
has sponsored and co-sponsored many opportunities for both youth and adults to receive 
education that promotes environmental literacy. The Iowa Master Conservationist Program is 
one such example of adult EE. 
 
There is an intense interest in Iowa's biodiversity. For example, Iowans spend some $35 million 
annually on wild birdseed (source: 1996 National Survey of Fishing, Hunting, and Wildlife 
Associated Recreation) and over 100,000 acres of wetlands and adjacent uplands have been 
restored in the state over the past 15 years (source: U.S. Dept. of Agriculture, NRCS, Iowa 
Office). Many educators and citizens have sought ways to go beyond just educating themselves 
environmentally and have been able to contribute in ways that “make a difference.” Many 
involve themselves in raising awareness and funds for species restoration projects (river otters, 
trumpeter swans, etc.) while others work on habitat restoration of prairies, savannas, rivers, or 
wetlands. And, while some teachers have the opportunity to be involved in data collection 
projects, few have the means to extend and translate student-collected data into meaningful real-
world products. Educators seek opportunities to involve students in the collection and analysis of 
real data, meaningful work that will help catalog and protect Iowa's biodiversity. Biodiversity 
preservation is a community issue that touches the lives of the majority of Iowans. 
 
The History of NatureMapping 
 
In 1991, in order to create wildlife distribution models and maps, Washington GAP (WAGAP) 
began compiling wildlife datasets in cooperation with local, state, and federal natural resource 
agencies, conservation groups, and Indian nations (Dvornich, et al., 1995). Despite the large sets 
of data that were compiled, WAGAP still needed a way to fill in these existing datasets. Retired 
natural resource professionals helped ground-truthing efforts; National Audubon Society 
members inventoried previously un-censused breeding bird atlas blocks; and herpetological 
observations from the public aided WAGAP’s efforts. In 1993, WAGAP, in partnership with the 
Washington Department of Fish and Wildlife (WDFW), began a pilot program to collect 
additional data for a statewide biological database using volunteers. 
 
The pilot program began by recruiting 4th through 12th grade teachers and their students to get 
involved with exploring wildlife and habitats in their community. Developed as an education and 
outreach program for GAP, NatureMapping was born. Since its inception in 1993, 
NatureMapping has grown to include programs in Virginia, Iowa, Idaho, and California. 
Programs are under development in Arkansas, Indiana, Kansas, Ohio, Oregon, Pennsylvania, and 
South Carolina, with interest in Florida, Hawai’i, Mississippi, New York, North Carolina, South 
Dakota, Tennessee, Texas, and Wisconsin. Nationally, NatureMapping is a multi-state program 
that works with cooperators to train the public in the techniques necessary to contribute to the 
effort of mapping the distribution of wildlife and its habitats (Dvornich et al., 1995; Tudor & 
Dvornich, 2001). 
 
Iowa NatureMapping 
 
Iowa State University Extension Wildlife Programs implemented the NatureMapping Program in 
1999. NatureMapping is a citizen-driven program designed to collect and map Iowa’s common 
terrestrial vertebrate wildlife species. NatureMapping is a hands-on environmental science and 
education program that joins students, educators, the general public, scientists, and natural 
resources agencies in studying and documenting biodiversity. The objectives of the Iowa 
NatureMapping program are to: 
 
1. Train volunteers to acquire information on the occurrence and distribution of vertebrate 
wildlife species in a way not otherwise achievable. 
2. Demonstrate how a biodiversity data-gathering project can become a state and local 
resource for understanding the environment in which citizens live. 
3. Involve citizens in the activity of science. 
4. Incorporate long-term wildlife surveys into the NatureMapping process. 
5. Involve portions of the public that otherwise are excluded from collection, analysis, and 
debate about biodiversity issues affecting the state. 
6. Establish partnerships among agencies, organizations, schools, biologists, companies, and 
landowners in a common effort to develop a database of biodiversity. 
7. Enhance the life-long education process in the life sciences specific to Iowa. 
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8. Produce an Internet-based data set that will provide up-to-date information on Iowa’s 
wildlife to a wide audience. (http://www.extension.iastate.edu/naturemapping) 
9. Involve a broad group of citizens to keep common species common. 
 
Iowa NatureMapping is engaging a diverse and interested public. Workshops designed to train 
volunteers in basic wildlife monitoring techniques have been held across the state. Twenty 
workshops have provided NatureMapping training to 277 Iowans from February 1999 to January 
2002. Those that have been trained have come from diverse backgrounds including: elementary 
through high school teachers, college and university faculty, watershed groups, 4-H and Scouting 
leaders, retired and working individuals of all backgrounds, county conservation education and 
management staff, local Audubon Society chapters, Trees Forever, the Iowa Natural Heritage 
Foundation (INHF), Iowa Department of Natural Resources (IDNR), Iowa Department of 
Transportation (IDOT), Iowa Geological Survey Bureau (IGSB), Natural Resource Conservation 
Service (NRCS), and many more. 
 
METHODS: 
Implementing the NatureMapping Program 
 
Training Citizens in NatureMapping Basics 
 
The Iowa NatureMapping Program trains volunteers in the basics of monitoring common 
terrestrial vertebrate wildlife, including birds, mammals, reptiles, and amphibians. Iowa 
NatureMapping is interested in the following information: the species, their location and total 
numbers, and the types of habitats they use. Workshops taught by ISUE staff are held around the 
state. Participants take part in a six-hour session to learn basic wildlife and habitat identification 
skills, map reading skills, and wildlife monitoring techniques. 
 
Iowa NatureMapping accepts information on any species that are seen, heard, found dead, or 
flying overhead. For now, Iowa NatureMapping is not accepting species identified by track, 
skull, abandoned nest, scat, or other animal sign because not enough time has been devoted in 
workshops to train volunteers to accurately identify sign. For any monitoring project, a 
NatureMapping volunteer, or “NatureMapper” must observe for at least 3 minutes per site. 
Three minutes is the minimum time required for the bird monitoring protocols. Protocols for 
routine mammal, reptile, and amphibian monitoring are currently being developed. Casual 
observations that are not a part of a routine monitoring project are also accepted. This allows a 
NatureMapper to report chance observations. A monitoring site is an area 1-hectare in size (100 
meters by 100 meters), or roughly the size of a football field. This size allows for a large enough 
area to identify the dominant habitat type at the monitoring site. NatureMapping habitats have 
been aligned with the Iowa GAP land cover classification hierarchy (see Table 3 for examples). 
A site is located using the Universal Transverse Mercator (UTM) system. Currently, Iowa 
NatureMapping is revising the site designation requirements to aid in a variety of monitoring and 
wildlife activities. 
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Workshop participants learn the UTM system using USGS 7.5 minute quadrangle maps. 
Teaching this method with a paper map is preferred, as it allows individuals to get first-hand 
experience with real maps, gives them a firm foundation of mapping skills, and puts their 
surroundings in context with landscape features on a larger scale. Participants also take these 
maps into the field to gain perspective of topography, scale, and physical land features. Datums 
and zones are covered as well, and are required information for each NatureMapping monitoring 
site. An alternative mapping method is also taught. The UTM coordinates for a NatureMapping 
monitoring site can be acquired by using the Iowa Geographic Image Map Server 
(http://ortho.gis.iastate.edu/drg24/drg24.html), a web-based interactive digital composite of Iowa 
using the 7.5’ quadrangles. Participants are also allowed to use a handheld GPS receiver if they 
have one. 
 
Participants are shown how to use the NatureMapping website for data entry and information 
retrieval. Upon completion, participants receive an alphanumeric password to gain access to the 
data entry procedure. Data entered by NatureMappers can be viewed from the Iowa 
NatureMapping website at www.extension.iastate.edu/naturemapping. 
 
Monitoring Projects 
 
Iowa NatureMapping provides NatureMappers with the necessary information to begin 
monitoring right away. NatureMappers can create their own monitoring project, based upon their 
level of interest and knowledge of a particular wildlife taxon. Project design is left up to the 
individual volunteer. They can choose to engage others, plan when and where they monitor 
wildlife, and decide how often they record data. Teachers, for example, may choose to 
emphasize birds and mammals that are on school grounds or those that come to a feeder. An 
individual may have an acute interest in amphibians; thus, they may monitor frog and toad 
populations at a local wetland in the spring and early summer. Each of these projects can be done 
as often as it suits the volunteer; daily, weekly, monthly, or at a frequency appropriate for the 
wildlife they are interested in. 
 
NatureMapping Partnerships 
 
Iowa NatureMapping established and continues to seek out a diverse committee of individuals, 
groups, agencies, and businesses that have become an integral part of guiding the Iowa 
NatureMapping Program and ensuring broad public involvement. These partners include: 
 
 Iowa State University Extension (ISUE) 
 Iowa Department of Natural Resources (IDNR) 
 Iowa Gap Analysis Program (Iowa GAP) 
 Iowa Association of County Conservation Boards (IACCB) 
 Iowa Conservation Education Council (ICEC) 
 Iowa Audubon 
 IOWATER - Iowa’s volunteer water quality monitoring program 
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 State Information Technology Department (ITD) 
 Waldorf College, Forest City, Iowa 
 Environmental Systems Research Institute, Inc. (ESRI) 
 
RESULTS: 
Biodiversity Data 
 
As of October 2001, 6,877 species records have been submitted to the project coordinator at 
Iowa State University for expert review (Table 1). The majority of records (93%) are birds. A 
total of 185 different species have been reported (Table 2). Each of these records has been 
referenced with habitat information (Table 3). Seven different Iowa GAP habitat classes are 
represented. There are a total of 247 NatureMapping sites, of which 133 have wildlife data 
collected at them (Figure). 
 
The NatureMapping monitoring sites were compared with the GAP Stewardship data. A 
minority of sites (38%) is within public areas (Table 4). The majority of these sites on publicly 
owned land are within County Conservation Board areas (Table 5). All monitoring sites within 
public areas represent four agencies: County Conservation Board, Iowa Department of Natural 
Resources, Army Corps of Engineers, and Fish and Wildlife Service. A total of 27 different 
public areas are represented (Table 6). 
 
DISCUSSION 
 
Importance of Public Involvement 
 
Involving citizen volunteers in observing and collecting data on wildlife is not new. Perhaps the 
best examples of this are the official counts for birds. The National Audubon Society and Cornell 
Lab of Ornithology have sponsored annual Breeding Bird Surveys and Christmas Bird Counts 
for many years. These long-term programs have been useful in detecting trends in bird 
populations. Various states have enlisted volunteers to participate in surveys of other species as 
well. The Iowa DNR’s Volunteer Frog and Toad Call Survey, which has existed for 10 years, is 
one example. 
 
The importance of public involvement in wildlife monitoring cannot be overstated. Wildlife 
agencies such as the US Fish and Wildlife Service, Department of Natural Resources, and county 
conservation boards, which are charged with managing and maintaining federal, state, and local 
wildlife and natural resources are perpetually understaffed and underfunded. Congress, 
legislatures, and local governments are asked to justify the purchase of land for protection and 
conservation, often without adequate data on the resource that is to be protected. The amount of 
time and money required for the agencies to accomplish these data-gathering tasks are 
prohibitive under current funding and staffing levels. NatureMappers are able, collectively, to 
gather the needed data and donate large amounts of time. It has been conservatively estimated 
that NatureMapping volunteers will contribute some $150,000 of time in the next year alone! 
 
 5
In addition, the data that is being collected largely comes from private lands, where little or no 
monitoring has previously taken place. The majority of monitoring sites (62%) are on private 
lands. NatureMapping will increase data on other species besides birds. A diverse wildlife 
database will provide information on species that may be indicators of declining habitat or 
environmental conditions. NatureMappers will, over time, provide large and accurate sets of data 
that will allow management agencies to better focus their time and personnel on the lands and 
species they are charged with maintaining. 
 
Management Potential of Iowa NatureMapping Data 
 
NatureMapping is becoming an accepted component of wildlife management in the state of 
Iowa. Through partnerships with the Iowa Department of Natural Resources, County 
Conservation Boards, and Iowa Audubon, wildlife professionals and conservation groups are 
willing to use NatureMapping data for management decisions, as well as provide expert review 
of data. These partnerships help guide the program, making it compatible with agency and 
organization goals, while creating a vital connection between the private and public sectors. 
 
Recently, Iowa NatureMapping worked with the Iowa DNR to develop a set of volunteer 
wildlife monitoring surveys and training workshops targeting species of special concern. There 
are four surveys in all: the Raptor Nesting Survey, Colonial Water Bird Nesting Survey, 
Peregrine Falcon Survey, and Frog and Toad Call Survey. Each of these IDNR surveys has been 
developed in concert with the Iowa NatureMapping Program and its protocols of mapping, 
species codes, and habitat classifications. These new surveys are part of an advanced training 
level, Level II, for the Iowa NatureMapping Program. 
 
The need for NatureMapping is great. As mentioned above, there are not enough natural resource 
professionals or funding to adequately keep track of and manage the nation’s wildlife and 
habitats. Further, GAP’s data is based largely on historically documented species records from 
academic research, museum specimens, and DNR records. Many of these records are outdated 
for present conservation and management needs in rapidly changing rural and urban landscapes. 
The more recent and long-term wildlife data is, the more accurately and efficiently agencies and 
scientists can begin to look at trends, as well as management and research requirements. 
 
CONCLUSIONS 
 
Iowa NatureMapping is a citizen-driven program designed to collect and map Iowa’s common 
terrestrial vertebrate wildlife species. It trains each volunteer in a consistent, scientific method of 
collecting data. It is a hands-on environmental science and education program that joins students, 
educators, the general public, scientists, and natural resources agencies in studying and 
documenting biodiversity. With NatureMapping, data can be gathered in quantities not otherwise 
achievable. NatureMapping will give educators a method of focusing students on local resources 
and issues affecting them directly. Beyond these qualities, NatureMapping offers a way for the 
public to gain awareness and appreciation for wildlife and ultimately a willingness to protect and 
manage the resources wisely. NatureMapping is a movement toward an open relationship 
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between the public and wildlife professionals in the field. By providing a network of citizens and 
natural resource professionals, better understanding can be reached by both groups. 
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Table 1: Number of records by class 
 
Vertebrate class Number of records % of class
Reptiles   28 0.41%
Amphibians   155 2.25%
Mammals   315 4.58%
Birds  6379 92.76%
Totals   6877 100%
 
Table 2: Species and the frequency that NatureMapping volunteers reported each from May 1999 to October 2001 
 
# of Records Species (Herps)  # of Records Species (Mammals) 
3    Frog, Bullfrog  1 Badger
58 Frog, Gray Treefrog  1  Bat Species
2 Frog, Green  1 Bat, Little Brown 
4 Frog, Northern Cricket  4 Beaver 
10 Frog, Northern Leopard  38  Chipmunk, Eastern
41 Frog, Western Chorus  5 Coyote 
1 Lizard, Northern Prairie Skink  81  Eastern Cottontail
1  Salamander, Tiger  2 Fox, Gray 
3 Snake, Black Rat  2  Fox, Red
5 Snake, Brown  2 Gopher, Plains Pocket 
2   Snake, Bull  1 Mouse, Deer 
5 Snake, Eastern Garter  2  Mouse, House
5 Snake, Fox  2 Mouse, Western Harvest 
1 Snake, Northern Water  4 Muskrat 
2 Snake, Plains Garter  3  Opossum, Virginia
1  Snake, Racer  2 Otter, River 
1 Snake, Smooth Earth  10 Raccoon 
1 Snake, Western Ribbon  4  Skunk, Striped
36   Toad, American  73 Squirrel, Fox
1    Turtle, Snapping  6 Squirrel, Gray
   2 Squirrel, Thirteen-lined Ground
 2 Vole, Meadow 
 4 Vole, Prairie
 55 White-tailed Deer
 8 Woodchuck 
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Table 2 (cont.): Species and the frequency that NatureMapping volunteers reported  
each from May 1999 to October 2001 
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# of Records Species (Birds)  # of Records Species (Birds) 
5 American Redstart  1 Gull Species 
5 Blackbird Species  1 Gull, Franklin's 
118 Blackbird, Red-winged  1 Gull, Herring 
380 Blue Jay  4 Gull, Ring-billed 
11 Bluebird, Eastern  2 Harrier, Northern 
1 Bobolink  7 Hawk, Cooper's 
1 Bufflehead  3 Hawk, Red-shouldered 
8 Bunting, Indigo  20 Hawk, Red-tailed 
381 Cardinal, Northern  1 Hawk, Rough-legged 
143 Catbird, Gray  4 Hawk, Sharp-shinned 
371 Chickadee, Black-capped  11 Heron, Great Blue 
12 Common Yellowthroat  8 Heron, Green 
1 Coot, American  1 Heron, Little Blue 
3 Cormorant, Double-crested  106 Hummingbird, Ruby-throated
74 Cowbird, Brown-headed  206 Junco, Dark-eyed 
8 Creeper, Brown  4 Kestrel, American 
1 Crossbill, Red  14 Killdeer 
389 Crow, American  13 Kingbird, Eastern 
1 Cuckoo, Black-billed  18 Kingfisher, Belted 
8 Cuckoo, Yellow-billed  3 Kinglet, Golden-crowned 
25 Dickcissel  21 Kinglet, Ruby-crowned 
206 Dove, Mourning  1 Loon, Common 
5 Dove, Rock (Pigeon)  7 Martin, Purple 
1 Duck Species  5 Meadowlark, Eastern 
17 Duck, Mallard  1 Meadowlark, Western 
3 Duck, Ring-necked  2 Merganser, Common 
1 Duck, Ruddy  1 Merganser, Hooded 
23 Duck, Wood  1 Merlin 
6 Eagle, Bald  17 Nighthawk, Common 
13 Eastern Wood-pewee  1 Night-heron, Black-crowned 
2 Egret, Great  44 Nuthatch, Red-breasted 
314 Finch, House  238 Nuthatch, White-breasted 
7 Finch, Purple  46 Oriole, Baltimore 
129 Flicker, Yellow-shafted  3 Oriole, Orchard 
1 Flycatcher, Alder  2 Osprey 
5 Flycatcher, Great Crested  1 Owl Species 
7 Flycatcher, Least  10 Owl, Barred 
9 Flycatcher, Olive-sided  1 Owl, Eastern Screech-owl 
4 Flycatcher, Yellow-bellied  7 Owl, Great Horned 
1 Gnatcatcher, Blue-gray  5 Pelican, American White 
3 Goldeneye, Common  15 Pheasant, Ring-necked 
239 Goldfinch, American  4 Phoebe, Eastern 
1 Goose Species  7 Pine Siskin 
82 Goose, Canada  1 Pintail, Northern 
2 Goose, Greater White-fronted  255 Robin, American 
164 Grackle, Common  1 Sandpiper Species 
3 Grebe, Pied-billed  1 Sandpiper, Least 
18 Grosbeak, Rose-breasted  1 Sandpiper, Solitary 
Table 2 (cont.): Species and the frequency that NatureMapping volunteers reported  
each from May 1999 to October 2001 
 
# of Records Species (Birds)  # of Records Species (Birds) 
1 Scaup Species  1 Vireo, Blue-headed 
3 Scaup, Lesser  9 Vireo, Red-eyed 
1 Shoveler, Northern  2 Vireo, Warbling 
17 Sparrow Species  2 Vireo, Yellow-throated 
3 Sparrow, American Tree  17 Vulture, Turkey 
100 Sparrow, Chipping  2 Warbler Species 
3 Sparrow, Field  1 Warbler, Black-and-white 
4 Sparrow, Fox  1 Warbler, Cerulean 
43 Sparrow, Harris's  9 Warbler, Nashville 
374 Sparrow, House  2 Warbler, Tennessee 
1 Sparrow, Lincoln's  30 Warbler, Yellow-rumped 
3 Sparrow, Savannah  102 Waxwing, Cedar 
7 Sparrow, Song  1 Whip-poor-will 
33 Sparrow, White-throated  1 Woodcock, American 
302 Starling, European  1 Woodpecker Species 
1 Swallow, Bank  282 Woodpecker, Downy 
25 Swallow, Barn  162 Woodpecker, Hairy 
3 Swallow, Cliff  4 Woodpecker, Pileated 
4 Swallow, Tree  133 Woodpecker, Red-bellied 
1 Swan, Trumpeter  14 Woodpecker, Red-headed
2 Swan, Tundra  128 Wren, House 
82 Swift, Chimney  1 Yellowlegs, Greater 
2 Tanager, Scarlet  1 Dove, White-winged 
2 Teal, Blue-winged    
2 Tern, Black    
89 Thrasher, Brown    
1 Thrush, Gray-cheeked    
3 Thrush, Hermit    
4 Thrush, Wood    
3 Towhee, Eastern    
3 Tufted Titmouse    
12 Turkey, Wild    
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Table 3: Number of Iowa NatureMapping monitoring sites by habitat formation in  
each GAP Vegetation Class (May 1999 to October 2001) 
 
Iowa GAP Class Formation (Iowa NatureMapping Habitat Description # of Each Class
Agricultural Lands    
  Drainage ditch 1 
  Mixed woody/grass fencerow 2 
  Woody fencerow 3 
  Rowcrop (corn, soybeans, oats) 10 
  Pasture/hay/CRP 17 
Forest    
  Island 1 
  Permanently flooded lowland deciduous - Forest 2 
  Lowland Deciduous - Forest 13 
  Upland Deciduous - Forest 24 
Herbaceous    
  Rural railroad right-of-way 1 
  Midgrass prairie 2 
  Rural Cemetery 2 
  Rural Cool-season grassed roadsides 2 
  Rural mixed prairie roadsides 2 
  Tallgrass savanna 2 
  Urban Golf course 7 
  Wetland/vegetated (cattails, bulrush, etc.) 14 
  Tallgrass prairie 15 
Open Water    
  Pond (impoundment) 7 
  River/stream 16 
  Open Water (Reservoir or Lake) 17 
Shrubland    
  Lowland Deciduous - Shrubland 1 
  Upland Deciduous - Shrubland 1 
Sparse Vegetation    
  Open bluff/cliff 1 
  Rural Commercial/industrial 1 
  Urban High density commercial/industrial 1 
  Sparsely vegetated sand/mud flats 2 
  Urban Schoolyards 5 
  Lake shore 6 
  Rural non-farm yards 6 
  Rural farm yards 7 
  Urban Low density yards 9 
  Urban High density yards 13 
Woodland    
  Coniferous plantation or shelterbelt - Woodland 1 
  Coniferous/Pine - Woodland 1 
  Permanently flooded lowland deciduous - Woodland 2 
  Urban Maintained parkland 2 
  Mixed plantation or shelterbelt - Woodland 3 
  Lowland Deciduous - Woodland 4 
  Rural Maintained parkland 9 
  Upland Deciduous - Woodland 12 
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Table 4: Percent of NatureMapping monitoring sites that fall within the GAP  
Stewardship boundaries (within public areas) in Iowa 
 
Total number of 
NatureMapping sites 
Number of 
NatureMapping sites 
within public areas 
Number of 
NatureMapping sites 
not within public 
areas 
247 95 152 
% of total 38% 62% 
 
 
Table 5: Total numbers of each public area by ownership with NatureMapping  
monitoring sites 
 
Public areas owned by 
Number of areas containing 
NatureMapping monitoring 
sites 
County Conservation Board 16 
Iowa Department of Natural Resources 7 
Army Corps of Engineers 2 
Fish and Wildlife Service 2 
Total Pubic Areas 27 
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Table 6: Detailed information of public areas containing NatureMapping monitoring sites in Iowa, listed alphabetically by Owner  
Agency 
 
Name of Public Area Type1 Owner Manager GAP Status2 Owner Agency3 Management Agency 
Coralville Reservoir RECREATION ACE ACE 5 ACE ACE 
Saylorville Wildlife Management Area WMA ACE Iowa DNR 4 ACE Iowa DNR 
Avenue of the Saints Lake and Rec. Area RECREATION Bremer CCB Bremer CCB 3 CCB CCB 
Camp Comfort RECREATION Butler CCB Butler CCB 5 CCB CCB 
Cedar Bend Wildlife Area WMA Bremer CCB Bremer CCB 3 CCB CCB 
Christiansen Forest Reserve WMA Story CCB Story CCB 3 CCB CCB 
Eden Valley Refuge WMA Clinton CCB Clinton CCB 4 CCB CCB 
Flaming Prairie Park WMA Louisa CCB Louisa CCB 3 CCB CCB 
Fontana Park RECREATION Buchanan CCB Buchanan CCB 5 CCB CCB 
Hartman Reserve Nature Center WMA Black Hawk CCB Black Hawk CCB 3 CCB CCB 
Indian Slough Wildlife Area WMA Louisa CCB Louisa CCB 3 CCB CCB 
Jester Park RECREATION Polk CCB Polk CCB 5 CCB CCB 
Lime Creek Conservation Area WMA Cerro Gordo CCB Cerro Gordo CCB 4 CCB CCB 
Quercus Wilderness Area WMA Mahaska CCB Mahaska CCB 4 CCB CCB 
Russell Wildlife Area WMA Mahaska CCB Mahaska CCB 4 CCB CCB 
Squaw Creek Park RECREATION Linn CCB Linn CCB 5 CCB CCB 
T-38 Access RECREATION Mitchell CCB Mitchell CCB 5 CCB CCB 
White Oak Conservation Area WMA Mahaska CCB Mahaska CCB 4 CCB CCB 
Kettelson-Hogsback WMA WMA FWS Iowa DNR 3 FWS Iowa DNR 
Neal Smith NWR NWR FWS FWS 3 FWS FWS 
Big Creek Wildlife Area WMA Iowa DNR Iowa DNR 4 Iowa DNR Iowa DNR 
Fox River Area WMA Iowa DNR Iowa DNR 3 Iowa DNR Iowa DNR 
Not Named WMA Iowa DNR Iowa DNR 4 Iowa DNR Iowa DNR 
Pikes Peak - Point Ann STATE PARK Iowa DNR Iowa DNR 5 Iowa DNR Iowa DNR 
Rice Lake Area WMA Iowa DNR Iowa DNR 4 Iowa DNR Iowa DNR 
Rice Lake Area LAKE Iowa DNR Iowa DNR 4 Iowa DNR Iowa DNR 
Sharon Bluffs RECREATION Iowa DNR Appanoose CCB 5 Iowa DNR CCB 
Walnut Woods STATE PARK Iowa DNR Iowa DNR 5 Iowa DNR Iowa DNR 
 
1 NWR = National Wildlife Refuge; RECREATION = Public Recreation Area; WMA = Wildlife Management Area 
2 GAP Status: range is from 1 to 5; Status 1 indicates land offered the most protection for its natural resources and its management, and 5 the least protection 
3 ACE = Army Corps of Engineers; CCB = County Conservation Board; FWS = Fish and Wildlife Service; IDNR = Iowa Department of Natural Resources 
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 Figure 
 
 Note: Points that are visible indicate 247 & 133 separate sites; there is some overlap at this small scale. 
 
 
 





























































































































































































































































































